EFFECTS OF REDUNDANCY OF MULTIMEDIA INSTRUCTION ON SPANISH READING
AND LISTENING SKILLS

by

CHARLES RAFFAELE

A dissertation submitted to the Graduate Faculty in Educational Psychology in partial fulfillment
of the requirements for the degree of Doctor of Philosophy, The City University of New York
2022

ii

© 2022
CHARLES RAFFAELE
All Rights Reserved

iii
Effects of Redundancy of Multimedia Instruction on Spanish Reading and Listening Skills
by
Charles Raffaele

This manuscript has been read and accepted for the Graduate Faculty in Educational Psychology
in satisfaction of the dissertation requirement for the degree of Doctor of Philosophy

_______________________

_______________________________

Date

Bruce D. Homer
Chair of Examining Committee

_______________________

_______________________________

Date

Joan M. Lucariello
Executive Officer
Supervisory Committee:
Patricia J. Brooks
Jay Verkuilen
Héfer Bembenutty
Jan L. Plass
Fran Blumberg

THE CITY UNIVERSITY OF NEW YORK

iv
ABSTRACT
Effects of Redundancy of Multimedia Instruction on Spanish Reading and Listening Skills
by
Charles Raffaele
Advisor: Bruce D. Homer
The redundancy principle of multimedia learning indicates that people learn better from
graphics and narration simultaneously than from graphics, narration, and printed text
simultaneously. The current study investigated whether the redundancy principle may apply to
multimedia instruction of correspondences between a second language (L2) and a native
language’s reading and listening content. 100 college students in New York City learned
correspondences between Spanish and English words and phrases in a counterbalanced withinsubjects design, from three trials of video instruction that was redundant (including text as
captions) or non-redundant (including text as non-concurrent text slides). For each condition,
participants completed tests translating text and audio of taught words/phrases (testing both rote
memorization and transfer knowledge) after each instructional trial. Results of multilevel models
showed participants learned Spanish reading and listening translations together better from the
non-redundant than redundant video instruction (p < .05), and particularly for far transfer and
English-to-Spanish translation questions (ps < .05). Results of further multilevel models showed
learners’ fluid intelligence and executive functioning to not moderate these effects (ps > .05), but
to predict higher L2 learning irrespective of condition (ps < .05).
Implications of the study include, when implementing L2 instructional multimedia with
videos presented in both L2 and native language versions, that written text can be best included
sequentially (on ‘bilingual text slides’) rather than concurrently with videos. In this paired format
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the two languages’ text displayed together non-redundantly likely facilitates cognitive strategies
that are not possible with the same text displayed redundantly as captions on the videos
separately. Implementation of such cognitive science-informed instructional practices may have
societal benefits of improving L2 learners’ tolerance of ambiguity and cultural competence
(qualities linked with L2 learning). Limitations of the present study include unclear
generalizability of the advantages of non-redundant L2 instructional multimedia with bilingual
text slides to non-translation aspects of L2 reading and listening skills. It is also unclear if nonredundant L2 instructional multimedia with text would be more than equally effective as its
redundant counterpart in any situations where its text slides are not bilingual. Future directions
are suggested investigating viable design options of non-redundant L2 instructional multimedia,
and replications/extensions of the present study’s comparison incorporating highlighting (as per
the signaling principle of multimedia learning), gamifications, or adaptations to heritage
language learners’ particular learning goals.
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Chapter I: Introduction
America has become more and more multilingual. Spanish is the second most commonly
spoken language in the country. Therefore, it would behoove us to enable English speakers to
learn Spanish more successfully. These results would likely help not only people’s
communication abilities, but a greater societal respect for Spanish-speaking cultures in America
(e.g., Dewaele & Wei, 2013; Nguyen & Kellogg, 2010). Technology has emerged which has
been incorporated in teaching of all domains, including second languages (L2s), with more
pictures, video, and audio included alongside traditional text (Collins & Halverson, 2018).
However, principles of Mayer’s (e.g., 2009) influential cognitive theory of multimedia learning
have not all been successfully applied to L2 learning (e.g., Plass & Jones, 2005). The present
study compared the effectiveness of different formats of instructional multimedia for teaching
translation skills that L2 reading and listening processes may rely on (Vermes, 2010). A better
determined multimedia format for teaching such information may elucidate the cognitive theory
of multimedia learning’s (Mayer, 2009) application to learning (regardless of domain), pointing
the way to future similar studies targeting further aspects of L2 reading and listening skills.
Background of Multimedia Learning
Multimedia learning is defined as learning with words and pictures rather than simply
words alone (Mayer, 2009; 2014a). Key to many applications of multimedia for instruction is the
complexity of the human’s pathways for intake and processing of words and pictures—whereas
we take in pictures only through the eyes, we can take in words through either the eyes (as
written text) or through the ears (as heard speech). Efficient coordination of our verbal and
pictorial processing pathways (dual representation-modes channels) and auditory and visual
processing pathways (dual sensory-modes channels) features heavily in the work from which
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multimedia learning principles have been derived (Mayer, 2009). The dual sensory-modes
channels of multimedia learning have been present in our species’ experience as far back as we
had developed multiple modes of both sensing the environment and processing cognitively the
input received. Strausfeld et al. (2016) provide evidence from exceptionally preserved lower
Cambrian (more than 500 million years ago) arthropods of eye morphologies and preserved
traces of brain and optic lobes. Manley and Sienknecht (2013) date evolution of middle ears
(before which species only had inner ears that presumably only heard louder, lower
frequencies—Kemp, 2007) in lineages that currently survive to the Triassic period (~250-200
million years ago). The dual representation-modes channels (for words and pictures) emerged
more recently, specifically in our lineage’s cultural history. Savage and Vogel (2014) trace
humans’ multimedia representations back to cave paintings of early humans. Paivio (2006)
describes development of the use of imagery in encoding of information in selected cultures
across recorded history. However, text was the primary format of encoding of instructional
information until technological innovations in recent times led to proliferations of multimedia in
instructional environments (Mayer, 2014a). In formal education, for example, whereas the
commonly available resources used to be mainly text-based books with varying degrees of
included pictorial content, tablets and whiteboards now make pictorial content widely available
as well. This pictorial content can additionally be of either static (image) or dynamic (video)
form. Research indicates motivational affordances of multimedia instruction, given relevance of
the attractive audio/visuals to the content to be learned (e.g., Astleitner & Wiesner, 2004; Mayer,
2014b).
Richard Mayer performed seminal research, burgeoning in the 1990s (Mayer, 2014a), on
how multimedia is best learned from. His studies satisfied both basic and applied research
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goals—goals for development of theories of human learning and substantiated methods of
instruction in the real world, respectively (Mayer, 2009). His experiments were well-controlled,
often comparing versions of a given multimedia instructional presentation which differed in only
one characteristic. Through observed patterns of results and drawing from existing cognitive
research, he developed general assumptions of multimedia learning and various principles which
would generally hold true for a multimedia instructional presentation regardless of the topic
being taught through it. His experiments’ comparisons were well-chosen in their testing
hypotheses of possible best formats of the burgeoning technology of multimedia. These
hypotheses were supported by synthesized theory from longstanding research on human
cognition and sensory perception. However, various studies have concluded that certain
established multimedia principles do not apply to L2 learning as they do to other domains (e.g.,
Sydorenko, 2010; Liu, 2019). This complication will be introduced presently.
Background of Multimedia-Based L2 Learning
Multimedia, made more prevalent through advancing technology, has been researched
substantially in work such as that of Mayer (e.g., 2009) regarding how it can be best applied to
foster learning. Developments in L2 learning in the 2000s grew alongside these advances in
multimedia learning theory (Li & Lan, 2021). However, multimedia has not yet been researched
adequately in its best mode for fostering L2 learning. Findings in L2 multimedia instruction that
are at odds with certain best practices of multimedia instruction in other domains have been
interpreted as reason to wholly disregard the established multimedia principles for L2 learning
(Liu, 2019; Sydorenko, 2010). Instead, the likely best next direction would be to research
whether the multimedia principles might actually apply to L2 learning as well (being based on
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widely generalizable theory of human cognitive architecture), but only be evidenced when
aspects unique to L2 learning are taken into account.
A particular principle of multimedia learning which has followed this incongruous
pattern of research findings is the redundancy principle, that the display of text in multimedia
presentations which exactly duplicates the spoken audio (concurrent with it, i.e., captions)
weakens its effectiveness. This has been shown for most domains of instruction (e.g., Mayer,
2009; Yue et al., 2013), but the opposite has been found for L2 learning (e.g., meta-analysis
Perez et al., 2013). The conclusions drawn from these results by researchers (e.g., Liu, 2019;
Perez et al., 2013) are overall that Mayer’s redundancy principle (of the weakness of including
simultaneous written text ‘redundant’ with spoken audio while pictures are shown) of
multimedia learning does not apply to L2 learning as it does to other topics. These researchers
point to characteristics of L2 learning distinct from learning of other domains. That is, while for
most domains including written text exactly duplicating spoken audio is merely providing the
same verbal information in an unnecessary extra medium, for L2 learning verbatim written text
is providing an additional rich resource for constructing mental models (e.g., Mitterer &
McQueen, 2009; Samur, 2012; Sydorenko, 2010). Implicitly, researchers’ disregarding of the
redundancy principle for L2 learning is also disregarding of underlying theory of multimedia
learning in part. This disregarded theoretical foundation is the visual ‘sensory-modes’ channel
having its capacity overloaded when the learner has to attend to both images and written text
simultaneously, which Mayer (2009) explained based on Baddeley’s (1998) working memory
work. However, it is possible that the redundancy principle and this linked portion of the theory
of multimedia learning do apply to L2 learning, but must be implemented in ways that conform
to the unique characteristics of L2 learning.
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Elucidating the best mode of multimedia instruction for L2 learning has many potential
applications to real digital implementations of L2 instruction. Mobile-assisted language learning
(MALL) is one popular category thereof—the use of small portable devices since the 2000s,
including predominantly smartphones in recent years, in language learning (Cakmak, 2019). The
foremost example of MALL is the app Duolingo (Duolingo Help Center, 2022), which has been
much researched (Huynh et al., 2016), though with limited rigorous examinations into its
effectiveness (Shortt et al., 2021). Duolingo does not rely crucially on visuals that semantically
support the verbal content it teaches. However, if Duolingo’s lessons were augmented to be more
visually supportive, whether or how text should accompany the visuals and spoken content (the
applicability of the redundancy principle) would be relevant. Various video games and
simulations, including repurposed commercial ones and ones designed for language/cultural
learning, have also been implemented for language learning (Peterson, 2010). All of these, as
they use mixtures of images, spoken content, and text, would be better critically evaluated in
their L2 educational potential given better knowledge of whether or how the redundancy
principle applies. This can help both for determining which games/simulations already existing
could be most effective for language learning and why, and to guide future design of
games/simulations meant specifically for language learning. Use of films in language learning
can also be improved through better know of applicability of the redundancy principle. Films can
be beneficial for L2 learning through qualities such as their inclusion of authentic language use
situations, demonstration of various accents of the language, and cultural content (Guillory,
1998; Seferoğlu, 2008). Possibilities for text in films for language learning that would be
affected would be display or non-display of captions, subtitles, or other possible modes of
accompanying text.
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Purpose of Dissertation
Considering both the societal and theoretical problems together, there is a potential issue
that exists in how we may use multimedia to better teach L2s. This includes America’s particular
widespread potential issue of how Spanish as a L2 may be taught better with multimedia. Studies
on second language Spanish learning have become far more numerous in recent years,
embodying various theoretical and methodological approaches, and covering topics from
phonology, to developing grammars, to individual and social factors, to learning in the classroom
(Geeslin, 2018). Basic knowledge of how multimedia best is utilized in Spanish reading and
listening learning would have broad applicability across such subjects of interest.
L2 teaching is a matter of social justice, particularly due to its utility for helping L2
learners become more connected to other cultures. Successful L2 learners may gain more
tolerance of ambiguity—acceptance of ways of being outside their own in general (e.g., Dewaele
& Wei, 2013). Basic L2 instructional methods widely applicable, such as best practice
multimedia for L2 learning, would aid in this regard. They may also gain more cultural
competence, becoming knowledgeable about values, customs, philosophies, and other attributes
of cultures of the speakers of the language they are learning (e.g., Nguyen & Kellogg, 2010).
Films have shown particular utility for engaging L2 learners on cultural content (Seferoğlu,
2008), and best ways of developing/implementing these films would maximize their impact.
It is thus shown how all of these learning needs can be aided through best instructional
techniques for L2s, including the use of multimedia in language learning. In certain cases (e.g.,
using smartphones for language learning—Cakmak, 2019), multimedia may have unique
affordances for aiding these learning needs. However, developments in research of multimedia
learning may be further improved in terms of their application to L2s. Unique characteristics of
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L2 learning as opposed to other domains require multimedia instructional techniques for it to be
modified accordingly—for an L2, spoken and written language are not only mediums through
which the instructional content is communicated, but they are parts of the language itself which
is being taught.1 Various studies acknowledge this fact, having found L2 instructional
multimedia captioned to be more effective than it non-captioned (e.g., Liu, 2019; Perez et al.,
2013), an effect opposite to typical findings for other domains which are in line with Mayer’s
multimedia learning theory (e.g., Mayer, 2009; Yue et al., 2013). However, researchers such as
Liu (2019) and Perez et al. (2013) do not attempt to resolve this discrepancy with what Mayer’s
(2009) multimedia learning theory predicts. They disregard its basis in established research on
fundamental aspects of human cognition and sensory perception, instead concluding summarily
that Mayer’s multimedia learning theory does not apply to these L2 learning instances.
The present study investigated how text could be best included in instructional
multimedia for teaching translation between an L2 and one’s native language supporting L2
reading and listening. Such findings would elucidate application of longstanding multimedia
learning theory to learning L2 reading and listening skills. These findings would also indicate
future directions for researching application of multimedia learning theory to additional aspects
of L2 reading and listening skills. Practical implications of more developed research linking
multimedia learning theory with L2 learning would be better addressing of the needs of L2
learners, which would promote equity in our society.

In fact, pictorial language components such as gestures and the speakers’ lips providing pronunciation
reinforcement would be included in this confounding as well (Sueyoshi & Hardison, 2005).

1
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Chapter II: Literature Review
This chapter provides a description of the state of the extant research relevant to effects
of redundancy of multimedia instruction on learning of Spanish reading and listening skills. The
following are topics that will be covered in depth. The redundancy principle of the cognitive
theory of multimedia learning is described as indicating a multimedia instructional presentation
with visuals and audio narration should not also include concurrent written text displaying
verbatim what is said (Mayer, 2009). This is shown to be a consistently effective guideline to
follow for developing multimedia instructional presentations, despite further benefits being
found for presentations which include just key words as written text displayed verbatim (e.g.,
Adesope & Nesbit, 2012; Yue et al., 2013). Researchers investigating the redundancy principle’s
extension to L2 learning have determined it does not apply there as it does in other domains.
They have based these conclusions on data showing visuals and narration with captions to be
more effective (Guillory, 1998; Mohsen & Mahdi, 2021; Perez et al., 2013; Samur, 2012), or at
least equally effective (Liu, 2019; Mayer et al., 2014; Ramsin, 2016), compared to visuals and
narration with no written text. Many identify the cause of this difference being the unique role of
written words in L2 learning, which can serve as aids for pronunciation, delineators of word
boundaries, and otherwise resources for forming helpful connections for encoding and retrieval
of words (e.g., Liu, 2019; Mitterer & McQueen, 2009; Samur, 2012; Sydorenko, 2010).
However, these studies do not attempt to find how the redundancy principle may be implemented
in ways that fit the unique situation of L2 learning.
Initial research that addresses this question could investigate the redundancy principle’s
applicability to learning L2 correspondences with one’s native language, which L2 reading and
listening rely on (Vermes, 2010). Subsequent research could ascertain if the redundancy
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principle, given its derivation from the theoretically-grounded cognitive theory of multimedia
learning, when applied appropriately would augment instructional multimedia targeting further
aspects of L2 reading and listening skills as well.
Individual differences of cognitive capacities of fluid intelligence and executive functions
can influence L2 learning. These would also be
worthy of further investigation for their influences

(A) Animation with Narration

on language learning and any differential benefit
they may have for learning from redundant or nonredundant multimedia. Initial research relevant to
these investigations could involve learning
translation aspects of L2 reading and listening
skills.
Redundancy in Multimedia Learning
Mayer (2009) has found much empirical

(B) Animation with Narration and
On-Screen Text

support for the multimedia principle of redundancy,
that is, for a tendency of people to learn better from
multimedia materials that only include graphics and
narration concurrently (non-redundant) rather than
graphics and narration with text presented
concurrently (redundant). Figure 1 shows examples
of the two formats, respectively, from a lesson on
lightning formation Mayer (2009) demonstrated
this effect with. A meta-analysis Adesope and

Figure 1. Frame from Mayer (2009)
lightning lesson with (A) animation and
narration or with (B) animation, narration,
and on-screen text
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Nesbit (2012) actually found redundant multimedia to be more effective, but reported that its
small effect size and large heterogeneity rendered it theoretically and educationally
inconsequential. The effect size they reported was Hedges’ g = 0.15 (Hedges’ g being an
estimate of the standardized mean difference unbiased by differential sample sizes across
studies), drawing from 57 independent effect sizes from 33 studies (including studies reviewed in
the present dissertation—Diao & Sweller, 2007; Kalyuga et al., 2004; Markham, 1999). They
indicated that most of the benefit was for redundant multimedia with only key terms duplicated
visually, not whole phrases verbatim. Also, 12 of the 33 studies included did not have images in
their instructional presentation comparisons A presentation with only spoken and written content,
lacking images, can be said to not be redundant according to Mayer’s (2009) definition. Adesope
and Nesbit reported that when images or animation were included in the presentations, adding
written words to the spoken presentations did not improve over their spoken-only forms. Yue et
al. (2013) reported abridged redundant multimedia to be more effective than non-redundant
multimedia, though non-redundant multimedia was more effective than verbatim redundant
multimedia. They additionally found that redundant multimedia with text that was of similar
length to the spoken content, but changed slightly (e.g., synonyms replacing certain words from
narration) could be more effective than either non-redundant or verbatim redundant multimedia.
Therefore, though the most extreme form of the redundancy principle continues to be supported
(comparing non-redundant and verbatim redundant multimedia, as seen in Figure 1, the former
being found more effective), the value of selective inclusions of redundancy has been found to be
often the best instructional approach.
Mayer’s (2009) cognitive theory of multimedia learning (CTML) explains why the
classic form of the redundancy effect occurs, through its assumptions of the human cognitive
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architecture as a dual-channel, limited-capacity system in which the learner cognitively organizes
and integrates verbal and visual information. The dual-channel assumption of the CTML is that
humans possess separate systems for processing pictorial and verbal material; it is influenced
both by Paivio’s (1986) dual-coding theory of separate channels for verbal associations and
visual imagery, and Baddeley’s (1998) theory of working memory including separate visual and
auditory channels. In the CTML, visuals are presented to the eyes and words are presented to
both the eyes and ears, our sensory memory receives all of the presented content as sounds and
images through the eyes and ears, and then our working memory interprets written text and
talking as verbal content and visuals as pictures. An ideal multimedia instructional presentation
maximizes use of both verbal/visual and both visual/auditory pathways of the learner, without
overloading them. The second assumption of the CTML is that the human informationprocessing system has a limited capacity; it stems from Chandler and Sweller’s (1991; Sweller,
1999) cognitive load theory and Baddeley’s (1998) theory of working memory. This limited
available processing is broken up into three stores—what Sweller et al. (1998) refers to as
intrinsic, extraneous and germane cognitive load. Intrinsic load is the unavoidable difficulty of a
task, extraneous load is unnecessary difficulty of it caused by imperfect instructional techniques,
and generative load is optional but helpful difficulty caused by instructional techniques that
promote the learner’s construction of mental models of the task. Mayer (2009) applies these load
categories specifically to multimedia learning, treating essential (“intrinsic”) cognitive
processing as rote/retention learning, extraneous processing as caused by improper multimedia
design, and generative (“germane”) processing as that which can transfer to other contexts. The
third assumption is that meaningful learning (the same generative processing described
previously) requires the learner to cognitively organize and integrate verbal and visual
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information; it stems from Wittrock’s (1989) generative-learning theory and Mayer’s (2009)
selecting-organizing-integrating theory of active learning. Under this assumption, the learner is
actively trying to make sense of a multimedia instructional presentation, rather than passively
recording all of it to memory. Yue et al. (2013) suggests this kind of processing can be induced
by desirable difficulties—conditions of learning that create difficulties for the learner during
acquisition or study but then actually promote long-term retention and transfer (Bjork, 1994).
Based on these assumptions, Mayer’s CTML provides an explanation of redundant
multimedia instruction as overloading the human cognitive architecture, by presenting the learner
with both pictorial content and written verbal content to attend to with their eyes simultaneously.
Aural narration carrying the verbal content simultaneously with visuals (with no written verbal
content simultaneously) would make the most of the human’s senses (seeing and hearing) and
cognitive processing (processing words and pictures, actively, with a limited capacity).
Multimedia-Based L2 Learning
There has been research relevant to the extension of the redundancy effect to L2 learning
(though never directly testing the principle, as will be explained shortly). Text added to a video
in the same language of the speaker can be referred to as either captions (e.g., Markham, 1999;
Sydorenko, 2010) or subtitles (e.g., García, 2017). Sometimes these terms are differentiated such
that captions refers only to same-language text overlay, while subtitles refer only to translated
text, typically in a viewer’s native language to bypass the unfamiliar spoken language (e.g.,
Danan, 2004). Sometimes the two terms are used interchangeably within the same article to refer
to written text in the same language of the audio (e.g., Mayer et al., 2014; Hwang & Huang,
2011). I will follow the differentiation delineated by Danan (2004) and others, such that captions
always refer to written text in the same language as the video’s speech and subtitles always refer

13
to written text in a different language from the video’s speech (i.e., for subtitles, text in a native
language of the learner while the audio is in the target L2).
Subtitling and captioning formats of L2 multimedia.
It may be questioned whether L2 multimedia with subtitles can be said to be redundant,
according to Mayer's (2009) redundancy principle strictly applied, as they involve a verbatim
translation of the spoken L2 content rather than a verbatim same-language representation (as
captions do). However, they are reviewed here given the arguments that can be made for their
either being redundant or very near to it.
Subtitles have been found to have both affordances and limitations for their use in L2
learning. It has been suggested that when subtitles are available, reading them is an automatic
process (d'Ydewalle & van de Poel, 1999), which has been supported by studies involving eyemovement recordings (d'Ydewalle & Gielen, 1992). Koolstra and Beentjes (1999) found that, for
Dutch speakers learning English, watching an English program with Dutch subtitles led to
greater English vocabulary acquisition than with no subtitles. This showed the native language
subtitles helped with understanding and remembering vocabulary more than they distracted from
the L2 audio. Markham et al. (2001) found that intermediate Spanish L2 learners could answer
English comprehension questions about a Spanish-audio video better when they had subtitles
than captions (and better with captions than no text). However, this study’s dependent variables
only involved the information in the video, and no Spanish language content. Markham and Peter
(2003) was a similar study, but different in that comprehension questions on the information in
the video were in the target L2. The same result was found, however, with subtitles being more
effective than captions (and captions in turn more effective than no text). The authors discuss the
possibility that the participants’ prior knowledge of Spanish, combined with the powerful
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contribution of English reading input for general comprehension, enhanced their listening
comprehension test scores. Markham and colleagues in both these studies suggest for L2 video
comprehension a developmental sequence of starting learners with native language text
(subtitles), switching them eventually to L2 text (captions), and finally removing text altogether,
as learners develop their L2 skills. Stewart and Pertusa (2004), testing Spanish L2 vocabulary
acquisition, found Spanish captions to be consistently more useful than English subtitles. They
suggested that English subtitles do not encourage Spanish learners to use their previously
acquired listening skills. Mitterer and McQueen (2009) found captions to help while subtitles
hurt foreign speech perception. This was shown by learners’ repetition of novel L2 fragments in
an unfamiliar accent of the L2 after watching an L2 video in the unfamiliar accent with captions,
subtitles, or no text, or no exposure to the test accent. In comparison to no text, having captions
caused improved performance, while having subtitles caused reduced performance, in repeating
the novel L2 fragments.
Another subtitling mode, albeit rarely investigated (Matielo et al., 2015; Ragni, 2020), is
reversed subtitling—from a learner’s perspective, video with native language audio and target L2
subtitles. Van Lommel et al. (2006) found reversed subtitling did not lead to incidental rule
acquisition in two experiments. d'Ydewalle and De Bruycker (2007), in an eye-tracking study,
found less attention paid to reversed subtitles as opposed to standard subtitles. However, they
were investigating target languages which the learners had no prior familiarity with, and still
found learners to fixate on more than half the words in the reversed condition. Ragni (2020)
investigated learners of Italian as an L2 watching a video with reversed subtitles. She found they
processed the reversed subtitles, a large percentage of L2 input was retained after a single
exposure to the video, and translation-specific factors are liable to affect the learner.
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One more little-researched mode of including written text at the bottom of a video is
using what is called “bilingual subtitles” (Wang & Pellicer-Sánchez, 2022). This is the use of
both native language and target L2 written text simultaneously at the bottom of a video with L2
audio. According to Danan’s (2004) definitions of captions and subtitles I previously mentioned
I am using in the present dissertation, this would be referred to as a combination of captions and
subtitles, but the term bilingual subtitles will be used here to retain consistency with existing
research on the mode. Bilingual subtitles could have the advantage of allowing learners to
compare the L2 line including unknown words with the native language translation of the line,
enabling learners to connect unknown forms with correct meanings (Li, 2016). However, the
inclusion of a native language translation simultaneous with the L2 may also cause learners to
attend primarily to the easy-to-read native language (Peters, 2019). In addition, experiencing
both native language text and L2 text at the same time as a video with L2 audio may cause
excessive cognitive load for some learners (Lwo & Lin, 2012).
Liao et al. (2020) compared watching of videos with bilingual subtitles, monolingual
subtitles (English), monolingual captions (Chinese), or no text by Chinese native speakers who
used English as their L2. Analyzing eye-tracking data, Liao et al. found viewers’ visual attention
allocation to native language text was more stable than to L2 text and less sensitive to increased
visual competition in the bilingual condition. They argued that these results can be attributed to
the language dominance of one’s native language. Analyzing self-report data, they found
bilingual subtitles to not induce more cognitive load than monolingual subtitles or captions.
Wang and Pellicer-Sánchez (2022) investigated intermediate to advanced Chinese learners of L2
English in their incidental learning from videos with bilingual subtitles. They compared the same
formats as Liao et al. (though with different materials), and utilized eye-tracking and vocabulary
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tests. Wang and Pellicer-Sánchez found bilingual subtitles to be better than captions for meaning
recognition and better than native language subtitles for meaning recall. Bilingual subtitles were
less effective than captions for form recognition. Participants in the bilingual subtitles group
spent more time reading the native language (Chinese) translations of the target items than the
L2 (English) target words. Amount of attention to the English target words (but not to the
translations) predicted learning gains. Overall, these studies show bilingual subtitles to at least
have substantial utility for higher level L2 learners, but be overloading for some learners and
sometimes have native language text distract from L2 content.
Studies on subtitles overall, though showing the presence of constant native language
translation to be a boon for understanding an L2 video’s information, also show attention to the
L2 content to be often reduced in favor of attending to the concurrent native language content.
Captioned L2 video does not have this issue, as its audio and text are both only in the target
language. This gives it the benefit of, though its difficulty level and the learner’s prior L2 ability
must be considered, keeping the viewer’s focus on the L2 content completely. As Gernsbacher
(2015) describes, captions were not originally designed to assist language learning, but rather to
increase film accessibility in the post-silent film era for people who were deaf or hard of hearing.
People from this community were also the first developers of captioned video, and captions
continue to be used for this community’s accessibility today. However, captions have in recent
decades been additionally found to be highly amenable to needs of L2 learners (Price, 1983;
Vanderplank, 2013). Many studies have compared the use of captions to lack of captions in
videos for learning of various L2 skills, and various examples of these (see Table 1) will be
described. A meta-analysis on the use of captions in L2 instructional video will also be described
(Perez et al., 2013), along with a few additional studies that have attempted to investigate the
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redundancy principle also regarding L2 text but with more unusual approaches (i.e., not a
comparison of L2 instructional video with or without captions).

Table 1. Experimental studies comparing presence and absence of captions in L2 instructional
videos
Target L2

Presence of Captions

Language Skill

Comparison

Guillory

French

Video with full captions,

Captions better than no

(1998)

comprehension

with keywords-only

captions (both captions

captions, or no captions

versions similar)

Video with only audio,

Both captions and no

Liu (2019)

English

comprehension and with only captions, or
Markham

Findings

captions similar

vocabulary

with audio and captions

English vocabulary

Video with or without

Captions better than no

captions

captions

(1999)
Markham et

Spanish

Video with or without

Captions better than no

al. (2001)

comprehension

captionsa

captions

Markham &

Spanish

Video with or without

Captions better than no

Peter (2003)

comprehension

captionsa

captions

Mayer et al.

English vocabulary

Video with or without

Both captions and no

captions

captions similar

(2014)
Mitterer &

English speech

Video with or without

Captions better than no

McQueen

perception

captionsa

captions

Mohsen &

English

Video with full captions,

Captions better than no

Mahdi (2021)

pronunciation

with keywords-only

captions (both captions

captions, or no captions

versions similar)

English

Video with or without

Both captions and no

comprehension

captions

captions similar

(2009)

Ramsin (2016)
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Target L2

Presence of Captions

Findings

Language Skill

Comparison

Sydorenko

Russian

Video with only audio,

Captions better for

(2010)

vocabulary

with only captions, or

written word recognition

with audio and captions

and word meaning
learning;
No captions better for
aural word recognition

Wang &
Pellicer-

English vocabulary

Video with or without

Captions better for form

captionsa

recognition and meaning

Sánchez (2022)

recall;
Both captions and no
captions similar for
meaning recognition

a

These studies each also included one or more conditions with subtitles, but those conditions are

not relevant to findings on presence or absence of captions.

Captions compared to no captions in L2 outcomes.
Many studies comparing L2 instructional multimedia with captions to the same
multimedia without them have found them to be of great aid to learners. Several of these studies
will be described here. Markham (1999) found L2 English listening recognition to be improved
more effectively by movie clips with captions than without. The previously mentioned studied
Markham et al. (2001), Markham and Peter (2003), and Mitterer and McQueen (2009) also have
comparisons between captions and non-captions conditions, favoring captions in comprehension
and speech perception. Perez et al. (2013) performed meta-analyses of studies on the
effectiveness of captioned video for L2 listening (15 studies) and vocabulary learning (10
studies). These included four studies cited in the present study’s review—two for vocabulary
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learning (Sydorenko, 2010; Markham, 1999) and two for listening comprehension (Markham et
al., 2001; Markham & Peter, 2003). They used the previously mentioned Hedges’ g (a
standardized mean difference, multiplied by a correction factor for small sample bias) as their
measure of effect size. They found large effects favoring inclusion of captions for listening
comprehension (g = 0.99) and on vocabulary acquisition (g = 0.87). They determined these
results to prove the redundancy principle does not apply to L2 learning.
Some studies have found mixed results for effects of captions’ inclusion. Mayer et al.
(2014) found English language learners to perform similarly learning from versions of a video
with or without captions in learning meaning of spoken words. Sydorenko (2010) found use of
video with captions aided recognition of Russian written words and learning of word meanings
more, while video without captions aided recognition of Russian spoken words more. She gave a
possible explanation of why native speakers and L2 learners may process multimedia differently,
drawing from conclusions in review article Larsen-Freeman and Long (1991). Larsen-Freeman
and Long (1991) suggests that native speakers of a language routinely make modifications in
their speech to learners of the language to increase comprehensibility, including making the
speech available multiple times/ways. These multiple representations of speech can include
repetitions, comprehension checks, and expansions. Sydorenko (2010) thus reasoned that
including in a multimedia L2 instructional message multiple modalities of the L2 (both spoken
and written, as in her redundant conditions) may also increase comprehensibility of it for the L2
learner. The previously mentioned study Wang and Pellicer-Sánchez (2022), though finding
captions more effective than no captions for learning of form recognition and meaning recall, did
not find differences between captions and no captions for learning of meaning recognition. Liu
(2019) found, for English language learners, no statistically significant differences in learning
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from multimedia with three different input modes (graphics + audio, graphics + text, and
graphics + audio + text) from the animations. Dependent variables were knowledge retention,
vocabulary retention and knowledge transfer. Liu interprets these results in light of limitations
English language learners have in fully comprehending L2 English, determining both Mayer’s
(2009) modality and redundancy principles do not apply for them. Liu reasons based on
cognitive load theory (Sweller, 1994) that text might reduce the processing demands for
identifying and decoding auditory input. Ramsin (2016) found instructional multimedia with
video and audio compared with video and audio plus text to have similar benefits for learners of
English as an L2 in successful comprehension.
Some studies have investigated for L2 learning the further comparison of partial/selective
words included redundantly (e.g., those that might be considered ‘key terms’). Guillory (1998)
compared full text, keywords, and no text versions of a video for teaching French as an L2. They
found both full text and keywords versions to be more helpful for learners’ comprehension than
no text versions. Mohsen and Mahdi (2021) compared full, partial, and no captioning of videos
in their effectiveness for aiding pronunciation skills of English language learners. They found no
significant difference between partial and full captioning, but both were better than no
captioning. These studies suggest partial redundancy (using key terms only) functions differently
for L2 learning than it does for other domains. Whereas, for other domains, including only key
terms as text is more effective than no text which in turn is more effective than full text, for L2
learning, both full text and partial text versions of videos are more effective than no text
versions. This difference speaks further to the imperative value of text, in whichever form, for L2
learners’ processing of the L2. However, it does not speak to ‘key terms’ as the ultimate best
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balance of redundancy for L2 instructional multimedia, as it does for instructional multimedia of
other domains.
There have also been some studies which attempted to examine the redundancy principle
in L2 learning with approaches outside typical captioning but still using target language text in
L2 instructional multimedia. Diao and Sweller (2007) compared a written presentation alone to a
written presentation and spoken narration together, considering the latter to be redundant. They
found that the written presentation alone led to better learning of reading skills. However, it is
questionable whether written text simultaneous with only verbatim narration would be
considered redundant according to Mayer (2009), as it lacks simultaneous presentation of written
text and pictorial content to potentially overload the visual ‘sensory-modes’ cognitive channel.
Lee and Kalyuga (2011) investigated learning of the Chinese language using visual presentations
of Chinese characters text and narrated Mandarin pronunciation along with various degrees of
pinyin text (a phonetic system adapted from the Roman alphabet). They compared full, partial
(only new/key terms), and no pinyin conditions in effects on pronunciation performance. They
found the partial pinyin condition to be the best of the three for more experienced learners, and
no differences between the three groups for learners with lower prior knowledge. Thus, they
reported an expertise reversal effect. However, like the Diao and Sweller (2007) study referenced
above, it is questionable here whether presentations with no images included and only various
compositions of verbatim verbal material can have a redundant condition, and thus relate to
either supporting or refuting the redundancy principle. A particular difference from Diao and
Sweller (2007) may be of importance here: Chinese characters reading as the target language
skill might increase the relevance to multimedia learning principles, as Chinese characters often
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contain pictorial indications of meanings that can help for retrieving their referent (Luk &
Bialystok, 2005).
Samur (2012) investigated Turkish vocabulary learning somewhat similarly to previously
mentioned captions and bilingual subtitles studies. His conditions were animation with
concurrent narration and bilingual (L2 and native language) explicative text, and animation with
only concurrent narration. He found learning of Turkish vocabulary with the animation with
concurrent narration and bilingual explicative text to be more effective. Samur explains the
results to be the result of students not having substantial knowledge of the target language, with
the seeing of text reproducing the content of the spoken narration providing an additional source
from which to differentiate the characteristics of words in the L2. Samur provides learners’
comments supporting this explanation.
Viability of non-concurrent text in L2 instructional multimedia.
The studies on captioning, though indeed manipulating presence or absence of verbal
modalities in multimedia instruction as per Mayer’s (2009) previous studies on the redundancy
principle, are not performing comparisons which take into account characteristics unique to L2
learning. As such, they may mistake results supporting the use of verbatim written text in L2
instructional multimedia for suggesting that captions are the established best practice in such
multimedia and that the redundancy principle does not apply.
Their and other studies do definitively support the importance of written text that doubles
the spoken content (though whether such a representation can be included in line with the
redundancy principle remains to be seen). In L2 learning, adding or removing a second modality
of verbal input does not only change which senses are attending to the verbal input—it affects
how much information is available to the learner for extrapolating various characteristics of the
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language (e.g., Samur, 2012, Sydorenko, 2010). For example, removing captions takes away a
source of information from which learners can determine word boundaries, infer morphology,
and aid pronunciation. For example, Mitterer and McQueen (2009) found that captions aided L2
learners in ‘retuning’ to unfamiliar accents of the L2, by indicating which words (and hence
sounds) were being spoken. This specifically occurred in their repetition of novel fragments of
the L2 after the multimedia instructional sequence.
Captions provide crucial assistance for L2 learners given their successful listening being
highly correlated with their vocabulary size (Stæhr, 2009; Webb & Rodgers, 2009) yet their
vocabulary not adequate yet to cope successfully with aural input (Perez et al., 2013). Thus, it
has been suggested that captions can help bridge the difficulty gap for developing L2 learners’
following of L2 instructional multimedia (Vanderplank, 1988). The extensive research results
already summarized supporting captions over no-captions in listening recognition,
comprehension, and vocabulary learning appear to validate these conclusions. In addition, as
Plass and Jones (2005) note regarding extension of the redundancy principle to L2 acquisition,
reading and listening are both competencies that need to be developed, including in tandem.
However, it could be argued that the extensive research corpus is only confirming the
importance of including written text representations of spoken content along with the narration
and visuals presentation itself, and not how this written text would be included. The findings of
these past studies can neither confirm nor deny this possibility, since the predominant
comparisons were of including written text as captions to no written text at all. Therefore, it
could be argued that optimal non-redundant L2 multimedia instruction would include written text
along with spoken narration and graphics, only with the written text non-concurrent with the
spoken narration and graphics.

24
Non-redundant multimedia which includes both narration and written text nonconcurrently could be argued for or against in its ability to facilitate learning. Though it would be
favored by a lack of need to divide visual attention between written text and pictorial formats, it
could be disfavored by the separation in time between text and pictures imposing a new
cognitive load on learners (as per another multimedia learning principle, that of temporal
contiguity—Mayer, 2009). Kalyuga et al. (2004) found that non-concurrent display of auditory
and written verbal explanations of a diagram proved superior, in terms of ratings of mental load
and test scores, to a concurrent presentation of the same explanations when instruction time was
constrained. However, their instructional content regarded multi-step technical protocols, and it
is not clear if the same results would occur with L2 learning, wherein the written and spoken
verbal material itself constitutes either the target content or substantial aid to it.
Moreno and Mayer (2000) found that temporal synchronization outperforms sequential
presentation specifically when the sequentially presented formats of the same learning materials
are delivered in ‘large bites’ (i.e., a great deal of material at once presented in the one modality,
and then the other). Though Robinson et al. (2003) found participants exposed to large bites of a
chapter-length text interspersed with graphic organizers to outperform those exposed to small
bites thereof in learning outcomes, there were additional subtleties to their findings. They
reasoned that these outcomes should occur specifically in situations where presenting all visual
information closely together in time reveals important across-chapter themes that would not be
revealed by presenting the visual information interspersed with text.
The described studies considered together, L2 learners exposed to narration and verbatim
written text both presented non-concurrently could consistently perform equally to those exposed
to a similar simultaneous presentation. These findings would be predicted provided the target
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content is broken up into small bites and there are no important inter-bite themes that could be
impaired by the interspersal with text display.
Use of movie clips in L2 learning
In terms of types of multimedia instruction possible, there has been research
demonstrating the utility of movie clips in teaching L2s. A movie clip for teaching language
consists of moving pictures and audio including spoken language, with visuals supporting
learning of language (e.g., by providing opportunities for learners to connect the language
content being acquired with semantically corresponding imagery and/or seeing the speaker’s lips
as he/she speaks). Most studies previously described investigating the redundancy principle in
L2 learning, such as Sydorenko (2010), Markham (1999), and Mayer et al. (2014), fall into this
category. Guillory (1998) suggests authentic video contains excellent content for teaching the
synthesis of language and culture, with truly authentic video being not scripted and neither
speech rate nor lexical appropriateness adjusted for learners. She does suggest certain supports,
including editing the video with text of speech added, may help make the authentic video more
accessible to learners. As referenced before, Seferoğlu (2008) found that individuals in the
process of being trained to become English as an L2 teachers agreed unanimously about the
potential of films for teaching of English language learners and could note aspects of films useful
for this purpose, including demonstration of how people initiate and sustain a conversational
exchange, colloquial English in real-life contexts, non-verbal communication, exposure to a wide
range of native speakers (each with their own slang, accents, and dialects), a wealth of
contextualized vocabulary expressions, and authentic cross-cultural information. Tabatabaei &
Gahroei (2011) found scenes extracted from films to be more useful than conventional methods
using synonyms and antonyms for teaching L2 idioms. Silverman and Hines (2009) found that
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feature film clips included in English vocabulary lessons on natural habitats administered to both
English native speakers and English language learners (ELLs) allowed the ELLs to catch up with
the native speakers.
Use of L2-native language movie clip pairs and non-concurrent text considerations
thereof.
Learning how to translate between an L2 and one’s native language is a component of the
four L2 skills of speaking, listening, reading, and writing (Vermes, 2010). This useful
implementation of translation learning is its use for pedagogical purposes, referred to as
pedagogical translation, and is distinct from the now-criticized teaching method of grammartranslation (emphasizing strict grammatical systems and decontextualized materials), as Leonardi
(2010) describes. A recent trend in second language learning research on pedagogical translation
is integration of the instructional technique with audiovisual/technology-utilizing delivery
systems (Gunawan, 2020).
One way to teach learners correspondences between languages using short movie clips is
to include each in both L2 and native language forms, viewed in pairs. This allows for benefits of
native language support for beginning learners (Markham et al., 2001; Markham and Peter,
2003), while also having L2 video viewed without possibly distracting native language content
concurrent (Liao et al., 2020; Stewart & Pertusa, 2004; Mitterer & McQueen, 2009).
A comparison of redundant (captioned) and non-redundant with text (including text nonconcurrent with film) videos could include conditions as seen in Figure 2 on page 36 of Pilot and
Current Study chapter, with the non-redundant videos' texts both sharing a single text slide (a
bilingual text slide).
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Notably, a non-redundant condition containing native and L2 languages’ text on the same
slide (a ‘bilingual text slide’) for each pair of movie clips has theoretical implications for results
ensuing from its use. Such a presentation format has likely benefits for its viewers that are only
possible for non-redundant multimedia with bilingual text, as opposed to non-redundant
multimedia with monolingual text. That is, the simultaneous presence of translated text from
both languages presented at once may ease learners’ surveying the correspondences between the
two, and so facilitate answering questions regarding translations between the two (particularly,
transfer questions requiring extrapolation of constituent meanings of phrases). This is a temporal
contiguity benefit for this form of non-redundant multimedia with text, just as redundant
multimedia with text has its own different temporal contiguity benefits previously described (of
text concurrent with the scene/speaking it corresponds it). Non-redundant L2 multimedia with
text’s benefits are less generalizable here, however. They only apply to L2 multimedia which
includes a native language translation, while captions’ benefits extend to multimedia solely in the
L2 as well.
Research directed specifically at investigating this potential benefit of bilingual text
slides in non-redundant L2 instructional multimedia would be necessary to determine its
existence or operation. Prior research on bilingual subtitles (a redundant L2 instructional
method), previously described briefly in the Literature Review chapter, may be a starting point
here. Bilingual subtitles (having text in both L2 and native language versions concurrent with L2
film) have not consistently shown better results than monolingual captions for language learning.
However, non-redundant multimedia with bilingual text slides has potential advantages over
bilingual subtitles. The text slides would have film action/speaking not occurring during them,
and could appear for the length of time that both the L2 and native language versions would be
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spoken. Thus, a bilingual text slide would avoid cognitive overload that bilingual subtitles might
be prone to inducing. However, bilingual text slides may still have a drawback common to all L2
instructional materials which include native language content concurrent with L2 content: the L2
content given less attention in favor of the easily-understood native language text (Liao et al.,
2020; Stewart & Pertusa, 2004; Mitterer & McQueen, 2009). It is possible that this disadvantage
is more likely in an incidental learning situation (no instructions to viewer to learn) or with
novices in the L2, whereas a viewer having instruction or other prior motivation to learn might
attend sufficiently to both the L2 content and native language content. These contextual
possibilities would need to be empirically investigated, however, to determine their veracities.
Individual Differences and L2 Learning
There also has been interest in the influence of individual differences on L2 learning
(Dörnyei, 2005). One attribute on which individuals can differ is executive functions (EFs),
which are general-purpose control mechanisms that modulate the operation of various cognitive
subprocesses and thereby regulate the dynamics of human cognition (Miyake et al., 2000).
Robinson (2003) poses selection of linguistic input in L2 learning as partially belonging to the
overall system of executive control mechanisms. Golonka (2006) found correlations between
self-correcting (i.e., metalinguistic awareness) behaviors and L2 learning success, and
determined that EFs might be behind such success. Engel de Abreu and Gathercole (2012)
indicated that executive processes were linked to grammar (across an L1, familiar L2, and
unfamiliar L3), and reading comprehension and spelling (in familiar L2, not assessed in L1 or
unfamiliar L3). Engel de Abreu and Gathercole (2012) concluded that executive processes share
domain-general links with higher-order linguistic abilities in L2 learners. Two components of
executive functioning are shifting, or the ability to switch attention between mental sets, and
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updating, or the ability to monitor and update working memory representations (Miyake et al.,
2000). Legault et al. (2019) reported preliminary data on neural correlates of working memory
for L2 learning in virtual reality. They suggested that working memory may be more important
for learners when the learning environment has many details and distractions, putting greater
demands on attending to L2 target material while ignoring irrelevant information.
It may be reasoned that greater shifting would allow an individual to more effectively
switch between attending to the on-screen text and pictorial visuals in redundant instructional
multimedia. On the other hand, greater shifting may allow an individual to more effectively
adjust to alternations of presentations on-screen of solely-text and solely-pictorial visuals in nonredundant multimedia. It may also be reasoned that greater updating would allow an individual
to hold more of the overloading in visuals of redundant multimedia in mind, as Legault et al.’s
(2019) preliminary data is in line with. On the other hand, greater updating may allow an
individual to hold more of the information from just-presented solely-text in mind while
attending right after to its solely-pictorial visuals counterpart in non-redundant multimedia.
Legault et al. did not investigate whether working memory was related to learning from a digital
environment with load based on temporal distance of corresponding learning materials;
therefore, it cannot be hypothesized whether sequential, non-redundant multimedia would also
be handled better by learners with greater updating capacity.
Taken all together, it can be seen that there are arguments for updating and/or shifting
EFs aiding L2 learning from redundant and/or non-redundant multimedia for both reading and
listening competencies. These arguments may apply as well to a redundancy comparison
specifically for learning L2-native language translation components of L2 reading and listening
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skills. Shifting or updating EF may help compensate for the design weaknesses of either format
in learning about an L2.
Another attribute on which individuals can differ is fluid intelligence (Gf), or the ability
to solve novel reasoning problems (Cattell, 1963). Gf has been linked to aptitude, or L2 learning
ability. The Canal-F theory and test of L2 aptitude emphasizes Gf (Grigorenko et al., 2000).
Also, individual differences in procedural memory (which has been linked to Gf—Was et al.,
2012) have been shown to predict development at later stages of L2 acquisition—at least for
implicitly trained learners (Morgan-Short et al., 2014). DeKeyser and Koeth (2011) also
indicates that more work on aptitude-treatment interactions in L2 learning is warranted, so that it
can be better understood both how learning context (e.g., instructional approach) affects the
importance of different aptitudes and what role aptitudes play in the learning process. DeKeyser
and Koeth note that the individualized instruction that may be warranted by findings of such
interactions may be of particular value in increasingly technology-enhanced learning scenarios
(e.g., with each learner being allotted a different version of computer-based instruction matched
to their aptitude characteristics).
The studies described above show a learner's having a higher Gf might allow their greater
L2 learning from either redundant or non-redundant instructional multimedia, regarding various
aspects of L2 reading and listening skills. This individual difference quality could help for
compensating for design weaknesses of either format and gaining more from their strengths.
Another individual difference of interest for learning L2 skills or about an L2 is selfefficacy. A learner’s self-efficacy beliefs are their beliefs in their ability to perform at a
designated level (Bandura, 1997). Self-efficacy has been shown to predict learners’ achievement
across various domains and levels (Pajares & Urdan, 2006). The domain of L2 learning is no
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exception, as learners’ self-efficacy beliefs for L2 learning have consistently predicted their L2
learning success (Raoofi et al., 2012). Research has suggested various ways self-efficacy for L2
learning can be fostered (Mills, 2014). Further evidence for the links between self-efficacy and
L2 learning, including the links between self-efficacy for L2 learning and success in learning
reading and listening translations between the L2 and one’s native language, would indicate
further the importance of developing learners’ self-efficacy for L2 learning.
Summary of Literature Review
Mayer’s (2009) cognitive theory of multimedia learning suggests various general
principles for instructional multimedia design. These are indicated by the theory’s foundational
assumptions of humans as having a limited working memory capacity, dual channels of
processing (visual and auditory which are then converted into pictures and words), and learning
as a cognitively active rather than passive process. The redundancy multimedia principle,
empirically supported, states that people learn better from visual and spoken words
simultaneously presented than from visuals, spoken words and verbatim written text
simultaneously presented. The former is considered a non-redundant format and the latter a
redundant format. Findings indicate that partially-redundant instructional multimedia (only key
words duplicated as on-screen text) can be yet more effective for learning than non-redundant
multimedia. All of these findings have been found to be different for learning of an L2 with
multimedia, with both partially-redundant and fully-redundant instructional multimedia (i.e.,
using captions) leading to similar, greater outcomes than non-redundant multimedia. These
results have been found for a number of outcomes, including listening comprehension skills and
vocabulary. Researchers have thus concluded that the redundancy principle does not apply to L2
learning, and so that captioned video is the best practice format for L2 instructional multimedia.
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However, these studies have predominantly compared redundant multimedia with written text as
captions to non-redundant multimedia with no written text. This leaves non-redundant
multimedia at an automatic disadvantage in this domain, as in L2 learning written text is not only
a medium, but a crucial part of skills learned for reading/writing, and a great aid to learning
listening/speaking skills. Some of the captions-favoring studies acknowledge this unique
importance of written text in L2 learning, but do not consider the possibility of comparisons with
non-redundant L2 instructional multimedia including written text, only non-concurrent with
visuals/spoken words. Such a comparison would likely show non-redundant L2 instructional
multimedia equally effective to redundant L2 instructional multimedia, since while the former
lacks temporal contiguity between its text and visuals/spoken words, the latter lacks advantages
of non-redundant presentation.
Learning correspondences between an L2 and one’s native language for pedagogical
purposes is an element of L2 skills of speaking, listening, reading and writing. Such
correspondences learning could be performed using movie clips presented in pairs of L2 and
translated native language versions. Redundant and non-redundant versions of such instructional
multimedia could be compared with text either as captions concurrent with the clip pairs
(redundant) or together on a bilingual text slide preceding each clip pair (non-redundant). Such a
comparison’s results could depend on facilitative or deleterious effects of the bilingual text slides
in the non-redundant format. The bilingual text slides may be facilitative for learners who are not
novices and/or are directed to try to learn.
Individual differences in Gf and EF skills may affect language learning. Gf is the ability
to reason in novel situations, and EF skills are domain-general cognitive control abilities. EF
skills include shifting, the ability to switch focus between different mental sets, and updating, the
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ability to hold a certain quantity of information in working memory. People higher in Gf and EF
skills may learn more from L2 instructional multimedia, and relatedly gain more from
multimedia for learning reading and listening correspondences between an L2 and one’s native
language. However, it is not clear how these qualities may differentially impact learning from
redundant or non-redundant instructional multimedia, whether for learning translation aspects or
other aspects of L2 reading and listening skills.
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Chapter III: Pilot and Current Study
A pilot study was performed to determine effective methodology for elucidating
applicability of the redundancy principle of multimedia learning to instruction of translation
aspects of L2 reading and listening skills. On the basis of the pilot study’s results the main
dissertation study was developed, with purposes and research questions usable for elucidating the
processes of best multimedia learning of L2-native language reading and listening translations.
Pilot Study
I conducted a pilot study investigating feasibility of methodology for answering whether
the redundancy principle applies to translation aspects of L2 reading and listening skills learning.
Pilot study participants.
Participants were sought who were between 18 and 65 years of age and not fluent in
written or spoken Spanish, in the New York City metropolitan area. Any potential participant
who met inclusion criteria and was willing to participate was scheduled to a maximum two-hour
length study session. Upon meeting for the study session and signing the consent form, they were
entitled to a $10 Amazon gift card as compensation. Fifteen participants completed the
procedure, with one during data analysis being determined to be an outlier in learning Spanish
reading and listening skills from the video instruction and excluded from further analyses. Thus,
fourteen participants completed the procedure who would be included in all analyses. These
participants were seven men and seven women, ages 19 to 43 years (mean 31). They included
eleven white, two East Asian, and one South Asian individuals. Six participants had completed
up to a four-year college degree, two had completed less than that level of school and six had
completed more than it. The average number of people reported in one’s household was
approximately three. 11 participants reported being able to understand written Spanish “not well”
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and 10 reported being able to understand spoken Spanish “not well”. The mean number of years
having taken Spanish courses in the past was 1.86 (SD = 2.35). The mean number of years
having lived in a predominantly Spanish-speaking/-writing environment was approximately zero.
Pilot study materials.
Materials were created for both instructional and testing portions of the procedure. 26
short language segments (one to two sentences each) were developed in Spanish and English
versions, with consultation from two Spanish/English bilingual speakers (one man of Ecuadorian
background and one man of Peruvian background). Each language segment was developed along
with filming plans for a scene which would reinforce the meaning of the phrase(s), along with
having speakers’ mouths visible for demonstration of articulation of phonemes. For example, the
segment “Necesitamos dinero”/“We need money” was developed along with plans to film myself
(as a non-speaking actor) and a speaking actor appearing homeless, in need of aid as the
speaking actor delivered the language segment. The two Spanish/English bilingual consultants
also served as the speaking actors. Segments were filmed in both Spanish and English versions.
Each Spanish/English clip pair was edited (see Figure 2) into redundant (including text as
captions) and non-redundant (including text on non-concurrent text slides) formats. Sequences
were edited which contained all Spanish/English clip pairs in either the redundant or nonredundant format.
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Non-Redundant Condition
(Text slide preceding movie clip pair)

Text slide of dialogue to be
presented

Movie scene with Spanish
spoken

Same movie scene with
English spoken

Redundant Condition
(Text as captions concurrent with movie clip pair)

Movie scene with spoken
Spanish and Spanish text

Same movie scene with
spoken English and English
text

Figure 2. Format and example of instructional video clips with text in each condition of pilot
study

Reading and listening translation tests were created utilizing the language segments for
the instructional materials. The written translation task had items in which text of a full language
segment in Spanish was displayed, and the learner was required to type the English translation of
it. The aural translation task had items in which an audio clip of a full language segment in
Spanish was played, and the learner was required to say the translation of the segment in English.
Each item’s response was scored 0, .5, or 1, depending on degree of correctness.
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Pilot study procedure.
I utilized a between-subjects design, with participants randomly assigned to learn
translations of Spanish phrases from three trials of the video instruction all in the redundant or
non-redundant format. I conducted all procedures in person individually with each participant, in
a location with a computer for digital portions. Each participant completed a demographics
questionnaire, a cognitive styles (visual or verbal ability—Mayer & Massa, 2003) questionnaire,
and three EF tasks. The EF tasks were of shifting and updating skills, defined previously, and of
inhibition skill—the ability to inhibit prepotent responses (Miyake et al., 2000). The first reading
and listening translation test of Spanish language segments (yet to be taught) was given as a
pretest. Then, the first instructional phase occurred, consisting of watching all video clips of
Spanish and English forms in the redundancy format that the participant had been randomized to.
Another reading and listening translation test of taught phrases was given after the instructional
trial. Two more instructional trials and subsequent translation posttests followed. As such, each
instructional/testing phase included three instructional trials and four translation tests (including
the pretest).
Pilot study results.
The two groups in independent samples t-tests were not shown to differ significantly in
terms of age, number of people in household, number of years having taken Spanish courses, or
number of years living in a predominantly Spanish-speaking/-writing environment. For the last
variable there was a p < .5 and a medium effect size, with t(6) = 1.00, p = .36, d = -0.58, of note
due to the power of the low sample size possibly obfuscating a meaningful difference.
Each condition was first analyzed by itself using repeated measures analysis of variance
(ANOVA), with test time being the investigated term (to determine presence of improvement
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across trials). The participants in the redundant condition were found to improve across the four
listening tests and the four reading tests independently. This same result was found for
participants in the non-redundant condition. The two conditions were then compared to each
other for these outcomes using mixed ANOVA, with interaction of test time and condition being
the investigated term. However, no significant differences were found between the two groups
on reading or listening improvement. Similar mixed ANOVAs were also run with additional
covariates of, alternatively, visualizer cognitive style, verbalizer cognitive style, shifting EF, or
inhibition EF included as a main effect. No significant changes in improvement in reading or
listening skills based on condition were found in these mixed ANOVAs. No inferential statistics
were run on updating EF level, as not all participants met the necessary criterion in practice
trials. Regarding the results on the primary comparison of redundant and non-redundant
instruction, sample size and issues in the study’s design likely caused the statistics to not be
interpretable. However, certain aspects of the study’s design were found to be effective and the
issues discovered were of critical use in improving the research design for the present
dissertation.
Pilot study discussion and implications for dissertation study.
Participants learned translation aspects of reading and listening Spanish skills each from
either the redundant format (with text as captions during all videos) or the non-redundant format
(with the same text for each video pair on a standalone slide preceding the video pair). Ceiling
effects, however, were witnessed across the repeated measures in the study. Participants began
on the pretest, before any video instruction, being able to translate roughly half of the phrases
tested. By the posttest after the first phase of instruction mean scores rose to over 10 of the
maximum 13 points for each test. Posttests after the second and third phases of instruction could
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not evidence much further improvement, because participants were already scoring near the
maximum on average. These ceiling effects were addressed for the present dissertation study’s
materials by increasing the difficulty and variety of questions. Various difficulty-increasing
changes were made.
Given findings from the pilot study of participants already knowing much of the
translation material to be taught, phrases where most participants already knew the words were
switched for phrases which contained words less likely to be known or guessed by non-Spanish
speakers. New words were preferred to be outside of common topics of vocabulary in early
Spanish courses (e.g., home, school, vacation, common foods). Words which are cognates
(similar appearance and/or sound) between English and Spanish were avoided. Some
conjunctions and adverbs unlikely to have been taught in early Spanish courses were included
(e.g., “aunque”, “ya”). Some relatively higher-level verb tenses were included (e.g., negative
imperative “no hagas”, future “iré”, conditional “gustaría”). Phrases to be taught were longer. In
general, phrases were created that would take typical American non-Spanish speakers at least a
few exposures to be able to translate fully. In addition, a change not necessarily of difficulty but
of increasing variance was made—increasing the variety of questions. New questions were
created which would test not only translations of phrases exactly as taught, but also translations
of constituent words from videos and untaught phrases whose meaning could be inferred.
In addition to decreasing chance of a ceiling effect by testing individuals on multiple
avenues of understanding (decreasing the likelihood that an individual would perform perfectly
on all of them), this increased adherence of the outcome measures to the theoretical foundation
of the study. Mayer’s (2009) cognitive theory of multimedia learning suggests that the learning
most important to promote is deep learning, shown through transfer tasks, and the new question
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types included tap various levels of transfer from the contexts in the instructional videos.
Transfer outcomes of inference of vocabulary and grammar were absent in previous studies on
the redundancy principle in learning L2 reading and listening skills, in lieu of solely transfer
outcomes of comprehension. The transfer outcomes in the present dissertation add to its novel
contribution to research on the redundancy principle in L2 learning.
Purposes of Dissertation Study
This dissertation aims to advance knowledge generally of how multimedia learning of
translation aspects of L2 reading and listening skills occurs, and specifically of how SpanishEnglish reading and listening translations can be best taught to English native speakers. The
former purpose is fulfilled by investigating extension of previous findings in both multimedia
and L2 learning (i.e., extension of Mayer’s redundancy principle of multimedia learning to L2
learning with video instruction, thus further identifying how multimedia instruction can
optimally support L2 learning). The latter purpose helps to fill a gap that is emerging in the
United States whereby English native speakers could benefit from learning Spanish to better
communicate with the United States’ rapidly increasing Hispanic/Latinx population (Passel et
al., 2011; Pew Research Center, 2015).
The present study’s principal novel approach in L2 learning involves comparison of
redundant ‘text as concurrent’ instructional video not with non-redundant ‘no-text’ video, but
rather with non-redundant ‘text as non-concurrent with film’ video. This is a comparison testing
the redundancy principle in keeping with the unique role of written text in L2 learning, albeit
with the non-redundant video violating a different one of Mayer’s multimedia principles (the
temporal contiguity principle, due to its text non-concurrent with corresponding acted speech
requiring learners to connect written and spoken verbal content across a time gap). However,
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with the comparison including both L2 and native language versions of video and text in each
condition, the non-redundant condition could have both languages’ text on a single bilingual text
slide, giving it an alternative temporal contiguity advantage. The current study’s instruction
includes two important pedagogical practices of teaching second-language pragmatics: authentic
language samples used as examples and input preceding interpretation or production by learners
(Bardovi-Harlig & Mahan-Taylor, 2003). The current study additionally provides an
investigation of moderator effects of individual differences in executive functioning or Gf on
learning from redundant or non-redundant L2 multimedia instruction.
The current study’s experiment on L2 instruction including a redundant condition with
text as captions identical to all spoken content, instead of to only key terms from it, is relevant to
the current field of multimedia learning research. This is the case despite findings in previous
studies already showing for many domains a redundant condition with only key terms to be
better than verbatim redundancy (e.g., meta-analysis by Adesope & Nesbit, 2012). Including an
identical text redundant condition in the present study is relevant because L2 learning studies
addressing the redundancy principle have not consistently shown the aforementioned effect
common to most other domains. Identical captions redundancy and key terms-only redundancy
in L2 learning studies have been found to have similar outcomes for learners (Guillory, 1998;
Lee & Kalyuga, 2011; Mohsen & Mahdi, 2021). Lee and Kalyuga (2011) did find that
experienced learners gained more from redundant partial text support than from redundant full
text support, but that these two conditions were similar for low prior knowledge learners. In
addition, for a study like the present one in which the non-redundant condition contains text too
(only non-concurrently), as long as the text included is the same in the redundant and nonredundant conditions, the comparison will further our understanding of the subject. Comparing
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redundant and non-redundant conditions of instructional multimedia for L2 learning which both
include written text is a new approach, which should be investigated in each of its variations,
including with identical written text.
Research Questions and Hypotheses
The primary research question of the current study is how does redundant instructional
multimedia compare to non-redundant instructional multimedia in fostering translation aspects
of L2 reading and listening skills? The hypothesis for this research question is that, provided the
non-redundant multimedia includes the same text as its redundant counterpart but in bilingual
text slides, participants will learn both skills better from non-redundant multimedia. There are
theoretical disadvantages for L2 instructional multimedia having text presented redundantly as
captions (violating the redundancy principle) or non-redundantly as non-concurrent text slides
(violating the temporal contiguity principle). However, with instruction including clips in pairs
of L2 and native language versions, the L2 and native language captions of each redundant L2
clip pair can be combined in a bilingual text slide for its non-redundant counterpart. The
temporal contiguity of the L2 and native language text on each bilingual slide may give an extra
advantage to the non-redundant condition.
This hypothesis also requires that the multimedia being compared in redundant and nonredundant variants, according to past research, (1) is broken up into chunks that have no common
themes that could be impaired by being interspersed with text display, and (2) is in chunks of
manageable size. Past research has shown that, under these conditions, learners exposed to
sequential presentation of pictorial content and written text (as is necessary for non-redundant
multimedia for both reading and listening learning) can perform at least equally to those exposed
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to concurrent presentation of pictorial content and written text (as is utilized in redundant
multimedia for learning both reading and listening skills).
The secondary research question of the current study is does shifting EF, updating EF,
and/or Gf either moderate the effect of redundancy on learning of translation aspects of L2
reading/listening skills and/or impact the learning irrespective of redundancy? EF skills and Gf
have been linked to L2 learning success in past research. Therefore, it is expected that there will
be a redundancy-irrespective effects of learners with higher EF skills or Gf having greater
outcomes in learning of translation aspects of L2 reading and listening skills. However, it was
not clear a priori what to expect regarding learners’ degree of EF or Gf moderating their learning
these L2 skills from the different instructional conditions. This is because, despite the presence
of past findings linking these individual difference variables with L2 learning, it was not clear
how these variables would interact with differences in redundancy of instruction on L2 learning,
and this too within both reading and listening translation skills learning (and for question types
on the continuum from rote to transfer).

44
Chapter IV: Methodology
Improving on the procedures in the pilot study, I developed new Spanish phrase sets for
instruction and tests based on them. The phrase sets were developed to have appropriate
difficulty and a minimum of key words overlapping between them. The two phrase sets and the
test questions for them were all developed in consultation with Spanish/English bilingual
speakers, who also came to be the speaking actors for all video and audio language clips. The
dissertation study was originally planned to be performed in-person by participants at computers
in a lab at the college of the subject pool the participants would be recruited through. They would
have performed all questionnaires, cognitive measures, instructional Spanish multimedia
exposures, and language tasks at the computer each one was stationed at, under the supervision
of the present author and other research assistants. However, the emergence of the COVID-19
pandemic in early 2020 caused the study to be modified for online delivery. The subject pool
would be digitally connected to the DREAM study platform, which interfaced with Qualtrics to
allow participants to complete the study. The platform would randomize participants to
conditions, and then ensure all study procedures were completed in order. If a participant stopped
partway through, the data up until their time of stopping would be saved. As such, participants
who chose to be in the study all were run through its procedures during the fall 2020 and winter
2021 semesters.
Multilevel modeling was chosen for analysis of the data, given its advantages with
handling missing data that would likely occur in the online format. Reliability was calculated for
measures of primary relevance to the present study’s research questions (measures of EF, Gf, and
Spanish reading and listening) and the self-efficacy measure. The performances of these
measures included in the calculations were those in the final data set, following data preparation
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described in the Results chapter. Both Cronbach’s alpha (Cronbach, 1951) and McDonald’s
omega (McDonald, 1999) were calculated using IBM SPSS Statistics 26 (omega found using the
OMEGA macro’s exploratory maximum likelihood factor analysis option—Hayes & Coutts,
2020). Values higher than .7 indicate good results for empirical research (Hair et al., 2010).
Participants
Participants were recruited through the psychology subject pool of a public college in
New York City. There were 100 participants in the final sample, though only 66 of them
completed the entire study. Individuals had to be between 18 and 30 years old to participate.
Potential participants were asked to only participate if they had two years or less of Spanish
instruction, no years living in a Spanish-speaking environment, and were not a Spanish heritage
language speaker (i.e., having knowledge to a degree of the language from their home
experiences—Valdés, 2000). However, background surveys collected as part of the study
procedures showed approximately one-fourth of participants to exceed these language
thresholds. In later data preparation, described in detail in the Results chapter, participants’ data
were removed from the study if their test results showed excessive knowledge of unusual
Spanish language outside of the instructional videos’ instruction. The 100 participants described
here already reflect this truncation. In addition, of the participants retained, background survey
data of their language experience was also used to create a rich coding of their prior knowledge
with Spanish or other languages in its family (Romance languages), to be controlled for in
analyses. This data preparation is also described in the Results chapter.
Participants ranged in age from 18 to 28 years, with a mean of 19.31 (SD = 2.06).
Sex/gender composition was 53% female, 46% male, and 1% other. Year in college composition
was 61% freshmen, 23% sophomores, 13% juniors or seniors and 3% other. Majors reported
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were psychology (20%), STEM majors (19%), nursing (17%), business/finance/accounting
(15%), and also other majors (21%), double-major (1%), or none indicated (7%). Race/ethnicity
representation was 36% White, 14% Hispanic/Latinx, 13% Black, 8% South Asian, 8% Middle
Eastern, 7% East Asian, 12% multiple races/ethnicities, and 2% other. In subsequent statistical
analysis (reported in the Results chapter), of all the demographic variables, only level in college
was found to be different between full-completers and partial-completers, with juniors
underrepresented among full-completers compared to freshmen.
Materials
Executive function measures.
Executive functioning was assessed using the Dimensional Change Card Sort (DCCS)
task for ‘shifting’ aspect of EF (Doebel & Zelazo, 2015), and a single n-back task for ‘updating’
aspect of EF (Jaeggi et al., 2010). Both EF tasks were administered through the DREAM
research platform (https://create.nyu.edu/dream/), including practice phases for participants to
learn how to perform the tasks.
The computerized version of the DCCS (Zelazo et al., 2013) requires participants to sort
one item at a time into one of two categories based on a rule that occasionally changes (same
shape or color), without notice to the participant. Performance is scored based on accuracy and
reaction time, in accordance with the NIH Toolbox formula described in Zelazo et al. (2013).
This task takes approximately 4-6 minutes to administer.
The single n-back task (Jaeggi et al., 2010) involves participants being presented with a
stream of stimuli of a single modality, one at a time, and continuously asked whether the most
recent item matches the one from a certain number of items ago. The present study’s
computerized version utilizes letters as stimuli. As an example, if the computer has presented in

47
order letters ‘c’, ‘w’, ‘r’, ‘k’, ‘r’, and it is a “2-back” task, that is when the participant should
indicate ‘yes’. In the present study’s version, the number of letters back gradually increases,
starting at 2-back and ending at 4-back. Performance is scored based on accuracy and reaction
time. This task takes approximately 4-6 minutes to administer.
As computer error compromised the present study’s single n-back task and data
collection, the DCCS was the sole EF measure included in analyses. Reliability for the DCCS,
according to McDonald’s omega and Cronbach’s alpha values across all participants’
performances included in analyses, was good (30 items; ω = .825 and α = .831).
Fluid intelligence measure.
Gf was measured using the Culture Fair Intelligence Test (CFIT) developed by R. B.
Cattell (Cattell & Cattell, 1973). The name of the measure reflects early views that it might be
culturally unbiased (e.g., Cattell, 1963), though the possibility of a universally applicable
intelligence test became discredited since then (e.g., Greenfield, 1997). Colom and García-López
(2003) suggests that the CFIT is one of the best measures of Gf. Scale 3 of this test was utilized
(see Appendix A), which is intended for “high-school students and superior adults” (Domino &
Domino, 2006, p. 287). The first two of four subsets of this scale were administered: (1) a Series
subtest where a sequence of drawings is completed by choosing among response options, and (2)
a Classifications subtest where the participant picks the two drawings that are different from the
other drawings (Domino & Domino, 2006). Across all participants’ performances included in
analyses, according to McDonald’s omega and Cronbach’s alpha values, the first subtest showed
inadequate reliability (13 items; ω = .612, α = .595) while the second subtest showed adequate
reliability (14 items; ω = .726, α = .717).
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Self-efficacy measure.
Self-efficacy was measured using an adaptation of the questions in Bembenutty (2010).
Bembenutty used a four-item scale for students to rate their confidence level to perform in a
math course. I changed the questions to regard confidence level to perform in the present study’s
Spanish learning. One question from Bembenutty (2010), measuring self-efficacy for ‘passing’
the upcoming tests, was not included due to concern it could convince participants their
performance needed to reach a certain level for them to receive research credit in the subject pool
(hence encouraging use of translation materials on the internet outside of the prescribed
instructional materials in the study’s asynchronous online administration). The three adapted
questions that were utilized in the present study were included at the end of the background
questionnaire (see Appendix E). Across all participants’ performances included in analyses,
according to McDonald’s omega and Cronbach’s alpha values, reliability of the self-efficacy
measure was good (3 items; ω = .933, α = .929).
Phrase sets for instruction and assessment.
Two sets of phrases were designed to be similar to each other. Each contains 13 language
segments (see Appendix B) amenable to being supported cinematically. Each set allows for
various individual words (or clusters of words) to be learned through watching videos of all the
phrases in Spanish and English forms without these words ever having been taught outside of the
phrases they are embedded in. This relies on the deep learning assumption of Mayer’s (2009)
multimedia learning theory that best practice learning with multimedia involves transfer through
an active process of constructing knowledge. This learning of discrete words is made possible for
the most part through a given word or word cluster appearing alongside different words in two or
more phrases, so that the word can be separated by the learner from its context. For example,
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through the participant’s watching both “Es mejor cortar la sandía antes de comerla” and
“Nuestra sandía tiene rayas” videos, he or she could extrapolate the meaning of “sandía” alone.
In a few cases, a discrete word or word cluster is made learnable not through itself having
appeared alongside different words in different phrases, but through the word or word cluster
having appeared alongside words that themselves were learned through this extrapolation
method (e.g., for “Giro y luego me mareo”, “Giro” can be learned as meaning “I spin” because
“y luego” was already learned from two or more phrases as meaning “and then”).
The two sets also are similar in that they each teach words discretely that are nouns,
pronouns, verbs, and ones commonly used in interrogative expressions. In addition, each set
contains an almost maximally different assortment of Spanish words than the other set, with no
‘discrete words’ appearing in more than one of the sets.
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Video instructional materials.
Non-Redundant Condition
(Text slide preceding movie clip pair)

Text slide of dialogue to be
presented

Movie scene with Spanish spoken

Same movie scene with English
spoken

Redundant Condition
(Text as captions concurrent with movie clip pair)

Movie scene with Spanish spoken
and text as captions

Same movie scene with English
spoken and text as captions

Figure 3. Format and example of instructional video clips with text in each condition

The materials for the video instruction consisted of 26 movie clip pairs, split up into two
sets of 13 clip pairs each, so that each participant could perform separate phases of nonredundant learning with one of the two sets and redundant learning with the other. The clips
utilize two bilingual speaking actors, one a man of Ecuadorian background and the other a
woman of Peruvian background. The two sets of 13 clip pairs reflect the previously described
phrase lists, in Spanish and English (see Appendix B). As examples, see
https://youtu.be/6yzrrwqLY5A for a non-redundant iteration of Set 1 and
https://youtu.be/biHa3rJWOJM for a redundant iteration of Set 1. In each participant’s three
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iterations of watching of each video set, for each iteration its clip pairs were in a different
random order (though each pair with its own text remained in the same order internally, as seen
in Figure 3). Each clip was several seconds in length and had visual content reinforcing the
meaning of its language segment (e.g., an actor looking for their wallet before finding it, for
“Olvidé dónde está mi billetera”/”I forgot where my wallet is”) and all speaking actors’ mouths
visible for demonstration of articulation of phonemes (Sueyoshi & Hardison, 2005). As
summarized in Figure 3 each clip consisted of a scene in a Spanish and then an English version
(separately filmed), and a one-second black screen appears between them. Text appeared for the
redundant condition as captions displayed the length of time the language segment is spoken, and
for the non-redundant condition as a text slide beforehand displayed for the total amount of time
the language segments would be spoken (and with a one-second black screen after the slide).
Each clip pair with text was also separated from each next one with a two-second black screen.
Outcome measures.
Each set had three posttests in each of two mediums (i.e., translating items read or heard
from one language to the other). See Appendix C for an example test. Each test included three
question types on a continuum of rote and transfer learning:
1) Rote learning questions – Translating exact phrases learned from instructional videos.
2) Near transfer questions – Translating specific words from videos able to be inferred
discretely (as described in previous Phrase Sets section)
3) Far transfer questions – Translating novel sentences made up of the words discretely
inferable. In other words, sentences were presented that were never taught in the
instructional videos, but were composed entirely of discrete words that could have had
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their meaning inferred (i.e., as per items tested in question type 2), and the participant
translated these sentences.
Each test had each of these three question types represented in both English-to-Spanish
and Spanish-to-English translation formats. Each test tapped a varying selection of the potential
items in its given set (see Appendix B). The three tests of a set together tapped each rote
expression once (except the one with two speakers), each near transfer term twice, and each far
transfer expression twice (the transfer items appearing once each in either English-to-Spanish or
Spanish-to-English and in either text or audio presentation). See Appendix D for content tapped
in all items of all tests. Listening items utilized audio clips of the two speaking actors from the
videos in new audio recordings. These new audio recordings were made of the exact phrases
from instructional videos (for rote learning questions) and novel sentences (for far transfer
questions). Specific words able to be inferred from the exact phrases (for near transfer questions)
had their new audio recordings culled from the new audio recordings of the exact phrases (via
copying and trimming recordings). The audio recording for given language content could have
utilized or not utilized the same speaking actor who spoke that language content in the
instructional videos. Throughout all listening questions of each question type, half utilized an
audio recording of each speaking actor.
Participants typed their responses to questions in both the read (reading) and heard
(listening) mediums, which were later scored. Listening questions were originally planned to
have participants speak their responses into a voice recorder, but this was switched to typing as
the onset of the COVID-19 pandemic required online administration of the procedure for all
participants. As such, English-to-Spanish listening questions were reduced in their validity for
measuring listening-specific translation skills. However, with the questions being presented in
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the voices of the same two actors from the videos (though not necessarily the same one who
spoke that sentence/word/word cluster in a video), they likely still facilitated a degree of
listening-specific translation.
Each response was scored 0 if incorrect, .25 if marginally correct, .5 if somewhat correct,
.75 if mostly correct, or 1 if fully correct. Each response was scored for its percentage of the
language segment’s words that were translated successfully. For example, for the English-toSpanish item “When there’s too much light I get dizzy”, given that the correct answer is
“Cuando hay demasiada luz me mareo”, participants’ responses of “Cuando hay mucho luz me
mareo” were scored .75 for having all words except “demasiada” correct. Cognates and
small/common words were given half the weight of other words. For example, for the Spanishto-English item “el ladrón”, given that the correct answer was “the thief”, an answer of “the”
would only receive a .25 score (“el” or “la” being short expressions commonly known as “the”
even to non-Spanish speakers). For another example, the Spanish-to-English item “Cuando haces
magia me mareo”, with the correct answer being “When you do magic I get dizzy”, a response of
“magic and dizzy” would only receive a .25 score (gaining only marginally from the cognate
translation “magia”/“magic”). Across all participants’ performances included in analyses, the
three testing iterations of each set showed good reliability values according to McDonald’s
omega and Cronbach’s alpha values. Each testing iteration had 12 items. Set 1’s first testing
iteration had ω = .869 and α = .859, second had ω = .910 and α = .907, and third had ω = .921
and α = .919. Set 2’s first testing iteration had ω = .806 and α = .798, second had ω = .887 and α
= .884, and third had ω = .909 and α = .904. Participants were instructed they did not have to
type Spanish characters not in English (e.g., upside-down punctuation, letters with accent
marks), and could instead type the nearest English equivalent.
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Procedure
Each eligible potential participant was scheduled to a two-hour length study session. Both
recruitment and procedures were performed fully online asynchronously. Fidelity of
implementation issues occurred using this format, despite inclusion of notices described below to
minimize it; in the Results chapter it is described how data was filtered to further minimize these
fidelity issues.
Participants were provided research credit as compensation for participation, with no loss
of this benefit if participation was terminated at any time for any reason. Each participant
performed the study procedure individually, running through the online materials through the
DREAM study platform from his or her own remote location. Informed consent was first
required and documented for the participant. Each participant completed a background
questionnaire (Appendix E). This included questions about prior language experience (spoken at
home, experienced abroad and learned in school; and reading/writing/listening/speaking skill
levels in each language), musical ability, and self-efficacy for the upcoming Spanish lessons.
Instructions were included (and a pledge, added after several participants had already completed
the study) emphasizing to participants that their receiving research credit would not be affected
by their scores on the language tests, and so to only use knowledge gained from the videos and
no outside resources (e.g., Google Translate). See Appendix F for the final version of the
instructional introduction.
The design was within-subjects counterbalanced, with each participant performing the
learning and assessment in each of the two conditions, redundant and non-redundant. Each
participant learned from and was assessed on the two sets (Set 1 and Set 2), one of which with
instruction in a redundant format and the other in a non-redundant format. Which set they first
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encountered was randomly assigned, and which of Set 1 or Set 2 was in redundant or nonredundant format was also randomly assigned (see Table 2).

Table 2. Instructional sequences randomly assigned to participants for each of six video viewings
(followed by reading and listening tests for that set)
Sequence A

Sequence B

Sequence C

Sequence D

Vid. Viewing 1

Set 1 redun.

Set 1 non-redun.

Set 2 non-redun.

Set 2 redun.

Vid. Viewing 2

Set 2 non-redun.

Set 2 redun.

Set 1 redun.

Set 1 non-redun.

Vid. Viewing 3

Set 1 redun.

Set 1 non-redun.

Set 2 non-redun.

Set 2 redun.

Vid. Viewing 4

Set 2 non-redun.

Set 2 redun.

Set 1 redun.

Set 1 non-redun.

Vid. Viewing 5

Set 1 redun.

Set 1 non-redun.

Set 2 non-redun.

Set 2 redun.

Vid. Viewing 6

Set 2 non-redun.

Set 2 redun.

Set 1 redun.

Set 1 non-redun.

Next, the participant’s instructional/assessment phase began. First, the participant
watched all 13 instructional videos in either Set 1 or Set 2 (depending on which they were
randomly assigned to watch first) in the redundancy condition assigned for that set. The
participant performed one iteration of that set’s reading and listening posttests (see Table 3).
Then, the participant watched the set that they had not watched yet, in the redundancy condition
that the first set was not in. The participant performed one iteration of this new set’s reading and
listening posttests. These viewings of the two sets (with each set followed by reading and
listening posttests for it) occurred two more times. Thus, by the end of the
instructional/assessment phase, the participant had watched each of the two sets of videos in full
three times, and had performed outcome measures for each of the two sets three times as well.

56
Each test’s instructions included similar alerts as in the initial instructional introduction to not
use outside translation services (see Appendix C). Each iteration of a set used a different order of
videos and its posttests had varying questions, as described previously in the Video Instructional
Materials and Outcome Measures subsections. Videos could not be paused or rewound by the
participant.

Table 3. Internal sequence of items within each testing iteration and their categorization (for both
one reading and one listening test)
Modality of Question

Translation Direction of Competency of
Question

Question 1

Rote

Question 2
Question 3
Question 4

Question

English to Spanish

Far transfer

Reading

Question 5

Near transfer

Rote
Spanish to English

Near transfer

Question 6

Far transfer

Question 7

Rote

Question 8
Question 9
Question 10
Question 11
Question 12

English to Spanish

Near transfer
Far transfer

Listening

Rote
Spanish to English

Near transfer
Far transfer
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After completion of the instructional/assessment phase, each participant was asked which
of the video formats they preferred (with text during videos, text before videos, or both equally),
and why. The CFIT was given, and then the two EF tasks were given (in the order of DCCS, and
then n-back). The participant was asked questions regarding fidelity of implementation (see
Appendix G)—these initially only related to technical issues, but after the first few participants
had completed the study additional questions were added regarding adherence to prescribed
instructional/assessment tasks. The participant was then provided debriefing of the specific
purpose of the study (i.e., the comparison between the two conditions and the theoretical basis
thereof) and the session ended.
Data Analysis Plan
The switch from plans for in-person data collection to online data collection following
the onset of the COVID-19 pandemic increased the expectation of missing data. Multilevel
modeling was thus selected to be utilized, which can handle repeated measures data with missing
timepoints effectively. Before analysis would be performed, data would be converted to ‘long
form’, whereby each testing iteration (maximum six for each participant) has its own row and is
the unit of measurement. In all multilevel model analyses addressing effects of condition various
independent variables would be included to have their effects controlled for: a fixed effect for
Spanish prior knowledge, a fixed effect for order (which condition encountered first), a fixed
effect for time (whether the testing iteration was a condition’s first, second or third), and a
random intercept for participant. Spanish prior knowledge would be quantified (as described in
the Results chapter) from self-reported experience with Spanish or other related languages in
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terms of years of education in the language, years living in an environment speaking that
language, and degree of prior listening/reading/speaking/writing ability in the language.
For the first research question (of whether redundancy of condition of L2 multimedia
instruction affects learning of translation aspects of L2 reading and listening skills), data would
be analyzed using multilevel models with a predictor independent variable of redundancy of
condition (fixed effect), and the dependent variable of performance on a given category of tests
(reading tests alone, listening tests alone, or a composite of reading and listening tests). Separate
versions of these models would be run with or without condition interacting with time, so that
when condition is investigated as a main effect its possible collinearity with interaction of
condition and time is not controlled for. Additional similar multilevel models would be run for
specific subscores of the tests (rote, near transfer, far transfer, Spanish-to-English, or English-toSpanish).
For the second research question (of whether Gf or EFs, either directly or interacting with
redundancy of condition, affect learning of translation aspects of L2 reading and listening skills
from L2 multimedia instruction), multilevel models similar to the reading test, listening test, and
composite score ones for the first research question would be run. However, these would each
additionally include the predictor independent variable of an individual difference measurement
(of shifting EF, updating EF, or Gf). Each additional variable would be included in three versions
of its model for a given dependent variable, in which the predictor(s) would be: (1) a fixed effect
three-way interaction of the individual difference, condition, and time, (2) both the individual
difference as a main effect and interacting with condition (3) the individual difference interacting
with time. Demographic and study-related variables would be analyzed similarly to the Gf and
EFs variables.
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These various models would provide detailed results of the effects of the independent
variables on learning of translation aspects of L2 reading and listening skills from L2
instructional multimedia. The independent variables would be witnessed in their effects on rate
of learning (interacting with time) and on their overall effects on learning across timepoints (not
interacting with time). Various variables (both regarding the secondary research question and
outside of it) would be investigated for their moderation of redundancy of condition’s effect.
Different dependent variables would be investigated so which category of outcomes were or
were not affected by each predictor would be evidenced. All of these assortments of models were
chosen systematically, including more detailed variants for questions of greater interest in the
present study (e.g., subscore dependent variable models included among the primary research
question models). Therefore, every independent variable and dependent variable would be
investigated with appropriate granularity.
Responses to the open-ended instructional format preference question would be
qualitatively analyzed for trends and other insights regarding learning L2 skills from redundant
or non-redundant multimedia.
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Chapter V: Results
I performed data preparation and statistical analysis, summarized here and described in
detail below. Collected data were cleaned, with acceptable data retained and the rest discarded. A
test was eliminated if (1) rare Spanish terms were translated in untaught ways (indicating either
use of outside language translation resources to assist in answering of questions or excessive
prior knowledge of Spanish), (2) the test contained all blank/filler responses. An entire
participant’s data was removed if at least half of their completed, non-blank/filler tests included
unusual Spanish translations. As the single n-back task used to measure updating EF was found
to be unusable (due to computer error), the part of the secondary research question related to
updating EF would not be examined. The software used for statistical analysis was IBM SPSS
Statistics 26. Multilevel models were run to determine the answer to the primary research
question: does redundancy of condition of L2 multimedia instruction affect performance in L2
reading and listening translation tasks? Multilevel models were also run to determine answers to
remaining parts of the secondary research question: does Gf or shifting EF of learners (either
directly or interacting with condition) affect their learning of translation aspects of L2 reading
and listening skills from multimedia instruction?
Data Preparation
Attrition was found (see Appendix H). Of the 100 participants in the final sample, 66
completed the procedures in full. The other 34 participants only completed part of the procedures
to a certain point, ranging from just the background questionnaire and first assigned test, to all
but the final fidelity questions. Both partial and full completers were included in the final
sample, possible due to the statistical technique for answering research questions (multilevel
modeling) being amenable to datasets with missing data. All tests from one condition would be
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compared to all tests from the other condition, with within-subject variance being controlled for.
Therefore, the number of tests present in each participant’s data would not be important.
A binary logistic regression was performed to ascertain effects on full-completion status
from age, sex/gender, year in college, major, and race/ethnicity. Here as in the rest of analysis,
variables that were categorical were dummy-coded, with one category chosen as the reference
group for each variable. This led to 26 variables in the model (only age being continuous—the
rest being dummy-coded ones generated from sex/gender, year in college, major, and
race/ethnicity). The logistic regression model was statistically significant, χ2(22) = 35.739, p =
.032. The model explained 41.6% (Nagelkerke R2) of the variance in full completion status and
correctly classified 72.0% of cases. Age and all variables based on sex/gender, major, or
race/ethnicity did not affect full completion status. Among year in college variables, only the
juniors one significantly affected full completion status, with juniors underrepresented in full
completion status compared to freshmen. The relatively high Nagelkerke R2 despite only one
significant variable was likely the result of the high number of variables in the model.
Language outcome tests-specific data preparation.
Various participants (including those among the ‘full completers’) had issues with some
language outcome tests. Review of the participants’ responses to language tests showed many to
disregard the instructions to utilize only the study’s language videos when answering the
questions. This was evidenced through unusual Spanish terms and/or grammar written for
English-to-Spanish questions, often identical to the result of copy-and-pasting the English phrase
into Google Translate’s English-to-Spanish application. Some individuals here may have been
instead demonstrating excessive prior knowledge of Spanish (e.g., ignoring the study website’s
request to only go through the procedures if below certain levels of Spanish experience,
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described above in methodology). Whatever the cause, the dataset was cleaned to minimize these
aberrant responses.
Every individual’s timepoint (of the maximum six) that had excessively unusual Spanish
in at least one of its answers had both its reading and listening tests removed. If an individual had
at least half their timepoints (e.g., two for an individual who only completed four) demonstrating
excessively unusual Spanish, all of that participant’s data was removed from the study. This is
already reflected in the participant counts reported so far. A few participants also left all
questions of a timepoint blank or with filler non-answers (e.g., “-”). Any timepoint completely
unanswered in this way was removed from the data; however, it did not have any impact on
removal of any of the rest of the participant’s data (e.g., for a participant who completed all six
timepoints, with one having unusual Spanish and another two being left blank, the three
timepoints which did not have demonstrated issues remained in the study). From the 100
participants who were retained in the analysis, 423 of their testing iterations (reading and
listening together) were deemed acceptable, 20 were discarded due to being blank/filler, and 35
were discarded due to having unusual/untaught Spanish. See Appendix H for further details on
testing iterations removed.
Prior language experience data coding.
Participants’ responses to demographics questions on prior language experience were
coded for an approximate score of Spanish prior knowledge, ranging from 0 to 3.
•

Level 0 was for participants (n = 42) who listed no Romance language spoken at home or
abroad, no Romance language having ever studied at least two years, and no Romance
language competency higher than 2 of 6.
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•

Level 1 was for participants (n = 30) who listed at least one of the following (but nothing
from Levels 2 or 3): any Romance language spoken abroad, Spanish studied two years,
non-Spanish Romance language studied more than two years, non-Spanish Romance
language studied unspecified time length, any Romance language competency equal to 3
of 6.

•

Level 2 was for participants (n = 27) who listed at least one of the following (but nothing
from Level 3): any Romance language spoken at home and not described in later
questions, Spanish studied more than two years, Spanish studied unspecified time length,
any Romance language competency at least 4 of 6.

•

Level 3 was for participants (n = 1) who listed all Spanish language competencies at least
4 of 6.
DCCS and CFIT-specific data preparation.
Test performances in both the DCCS (measuring shifting EF) and CFIT (measuring Gf)

were removed that indicated either careless responding or lack of understanding task
requirements. Neither DCCS nor CFIT test performances were eliminated on basis of low score
alone.
DCCS performances with accuracy raw scores lower than 30 (of 40 maximum) were
checked for elimination criteria of either giving no responses, the same response for every trial, a
rigid alternation of the same responses irrespective of any question at hand, or artificially fast
reaction times throughout. One participant’s DCCS performance lacked any responses, and so
was removed. All other participants’ DCCS performances did not match any of these elimination
criteria, and so were retained (n = 65).
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CFIT Scale 3 subtests 1 and 2 were separately investigated for any of the following
elimination criteria:
•

Giving the same response for every question.

•

Giving a rigid pattern of the same responses (e.g., ‘c’ alternating with ‘d’ repeatedly) for
all questions, irrespective of any question at hand.

•

Leaving all questions blank.

•

Combination of having a minimal duration (both subtests together less than 125
seconds—one-fifth the median duration of that for participants’ CFIT performances not
eliminated, 625 seconds) and any questions answered correctly being random ones
(unlikely due to the questions’ gradual increase of difficulty within each subtest),
indicating quick random choosing of answers.

•

For subtest 2 only, answers on all test questions giving only one choice (e.g., 1. ‘b’; 2.
‘a’), whereas task requires two options to be chosen at once for each question (e.g., 1.
‘b’,’e’; 2. ‘a’,’e’).

Following these criteria caused elimination of both CFIT subtests for two participants, only
subtest 1 for zero participants, and only subtest 2 for seven participants. For those who had only
subtest 2 removed, an approximation of aggregated CFIT score was calculated with proration
based solely the participant’s subtest 1. The prorating was performed proportional to the different
difficulties of the subtests that were not eliminated—retained subtest 1 performances had a
median of seven (of maximum 13) and subtest 2 performances had a median of five (of
maximum 14). Since the ratio of median retained scores of subtest 1 and subtest 2 was 5:7, the
formula used for generating prorated aggregated CFIT approximations was that seen in (1).
PACF here stands for prorated aggregated CFIT score and SbA stands for subtest 1 score.
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5
7

PACF = (SbA score) + (SbA score) =

12
(SbA score)
7

≈ 1.714(SbA)

(1)

Analyses were thus made possible which utilized either only aggregated CFIT scores for
participants whose two subtests were both retained (n = 61), or including also aggregated CFIT
score approximations for participants whose subtest 1 was retained solely (n = 68).
Statistical Analysis
Fidelity of groups randomization and retained participants’ performances.
Table 4. Counts of random assignments and their crossing
Set 1 First

Set 2 First

Total

Set 1 as Non-Redun.

19

28

47

Set 2 as Non-Redun.

33

20

53

Total

52

48

100

As seen in the Total rows and columns of Table 4, a similar number of participants
received each set in each condition and each set first. A chi-square test of independence was
performed to examine the relation between which set was first and which condition each set was.
The relation between these variables was significant, χ2 (1, N = 100) = 4.76, p = .029. This
indicated it would be particularly important to control for order effects in analyses on the effects
of condition.
Of all 100 retained participants, 86 performed the study after I added the pledge prior to
instruction/testing to not utilize outside language resources (e.g., Google Translate), and 85 of
these participants checked off the pledge. Of all 100 retained participants, the 66 who completed
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all procedures completed the end-of-study fidelity of implementation survey. 64 completed the
survey after I added a question on whether they used translation services—59 reported not using
the services. 63 completed the survey after I added a question on attention paid to language
videos was added—62 reported they “somewhat paid attention” or better.
At this point, data was converted from by-participant to by-testing iteration (‘long form’,
with up to six units of analysis per participant depending on how much of study they completed
and was not disqualified). There resulted 207 testing iterations (each containing both a reading
and a listening test) in the non-redundant condition and 216 in the redundant condition. From
each testing iteration of each participant was generated a composite score (totaling both reading
and listening test scores), reading and listening test scores, and subscores based on various
categorizations of questions across the two tests (see Table 5). The 12 questions of each testing
iteration were thus fractionated in various ways to calculate scores and subscores:
•

All 12 together for composite score

•

Six for reading and six for listening test score

•

Four for rote, four for near transfer, and four for far transfer subscores

•

Six for Spanish-to-English and six for English-to-Spanish subscores

A mean score hierarchy of rote > near transfer > far transfer was not witnessed; however, this
was not abnormal due to questions never having been structured to make scores normed as such
between those question types. Names of those question types did not correspond to difficulty, but
rather only the type of skill being drawn from. Various aspects of the question types qualitatively
differed between them to affect resultant mean scores. For example, near transfer questions had
only one or a few words each and their listening versions utilized audio not from dedicated
recordings, but trimmed from audio for rote questions (as described in the Methodology chapter).
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For another example, both types of transfer questions had mostly terms that were witnessed more
than once in video set.

Table 5. Descriptive statistics of Spanish composite score, tests, and subscores pooled across
both conditions and all timepoints

Composite
Score
Reading
Test Score
Listening
Test Score
Rote
Subscore
Near Tr.
Subscore
Far Tr.
Subscore
Sp. to Eng.
Subscore
Eng. to Sp.
Subscore

Maximum
Score
12

Mean (SD)

Range

Skewness

Kurtosis

3.74 (2.81)

0-11.75

.65

-0.30

6

2.33 (1.61)

0-6

.36

-0.83

6

1.41 (1.40)

0-6

.98

0.36

4

1.24 (0.96)

0-4

.69

-0.02

4

1.20 (1.13)

0-4

.60

-0.72

4

1.29 (1.00)

0-4

.58

-0.46

6

2.06 (1.45)

0-6

.47

-0.47

6

1.68 (1.58)

0-6

.85

-0.26
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Table 6. Descriptive statistics of Gf (measured with the CFIT Scale 3’s first two subtests),
shifting EF (calculated with the NIH Toolbox formula—Zelazo et al., 2013) and self-efficacy
(measured with adaptation of scale from Bembenutty, 2010)

Gf (subtest
1)
Gf (subtest
2)
Shifting EF
Self-Efficacy

Maximum
Score
13

Mean (SD)

Range

Skewness

Kurtosis

7.4 (2.2)

1-12

-0.50

0.45

14

4.9 (2.7)

0-12

0.19

-0.12

10

7.58 (1.60)

2.38-9.58

-1.94

3.26

7

4.6 (1.6)

1-7

-0.56

-0.36

Though this was a within-subjects study with all participants experiencing both
conditions, both attrition and disqualified tests could have left one group’s tests having had a
different composition of participants having performed them than the other. Graphs comparing
demographics of the two conditions’ tests were referenced. Ages, sexes/genders, years in college,
majors, prior Spanish knowledge, musical ability, and races/ethnicities all looked similar
between the conditions’ tests.
Primary research question.
Table 7. Mean (standard deviation in parentheses) Spanish reading and learning test scores
(maximum score 6 each) of each condition at each timepoint
Redundant Condition

Reading
Test Score
Listening
Test Score

Non-Redundant Condition

Time 1

Time 2

Time 3

Time 1

Time 2

Time 3

2.18 (1.49)

2.01 (1.47)

2.5 (1.74)

2.16 (1.51)

2.3 (1.64)

2.88 (1.75)

1.08 (1.13)

1.22 (1.22)

1.74 (1.71)

1.15 (1.13)

1.66 (1.5)

1.73 (1.56)
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Figure 4. Spanish reading test percentage correct for each condition across timepoints

Figure 5. Spanish listening test percentage correct for each condition across timepoints
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Table 8. Mean (standard deviation in parentheses) Spanish composite score (maximum score 12
each) of each condition at each timepoint
Redundant Condition

Composite
Score

Non-Redundant Condition

Time 1

Time 2

Time 3

Time 1

Time 2

Time 3

3.26 (2.35)

3.23 (2.51)

4.24 (3.32)

3.31 (2.42)

3.96 (2.99)

4.61 (3.08)

Figure 6. Spanish composite percentage correct for each condition across timepoints
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Table 9. All parameter estimates from multilevel models regarding the effects of condition,
interacting or not with time, on Spanish reading test score, listening test score, or composite
score (dependent variable in parentheses)
‘N.R. Cond.×Time’
Model (Spanish
Reading Test
Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
N.R. Cond.×Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.72
-0.27
0.03

0.27
0.24
0.09

219.69
339.04
326.12

6.44
-1.10
0.29

< .001
.272
.773

0.45

0.17

96.07

2.56

.012

0.14
0.22

0.08
0.11

337.35
331.81

1.73
1.94

.084
.053

Variance
Component
0.84
1.84

‘N.R. Cond.’
Model (Spanish
Reading Test
Score)

0.07

Wald Z
Value
12.57

< .001

0.31

5.91

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.52
0.17
0.02

0.25
0.09
0.09

169.28
327.25
326.79

6.16
1.79
0.21

< .001
.075
.837

0.45

0.17

95.84

2.55

.012

0.25

0.06

333.71

4.32

< .001

Variance
Component
0.85
1.84

0.07

Wald Z
Value
12.59

< .001

0.31

5.90

< .001

SE

p Value
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‘N.R. Cond.×Time’
Model (Spanish
Listening Test
Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
N.R. Cond.×Time
Random Effect
Level 1
Residual
Level 2
Subject

‘N.R. Cond.’
Model (Spanish
Listening Test
Score)

Coefficient

SE

df

t Value

p Value

0.54
0.00
0.08

0.22
0.18
0.07

195.83
338.38
327.59

2.47
-0.03
1.09

.014
.980
.277

0.45

0.15

99.77

2.97

.004

0.23
0.06

0.06
0.09

336.72
332.42

3.81
0.67

< .001
.503

Variance
Component
0.48
1.41

0.04

Wald Z
Value
12.64

< .001

0.23

6.25

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.49
0.11
0.08

0.20
0.07
0.07

155.72
328.89
328.44

2.39
1.55
1.06

.018
.123
.289

0.45

0.15

99.75

2.97

.004

0.26

0.04

333.79

6.01

< .001

Variance
Component
0.48
1.41

0.04

Wald Z
Value
12.66

< .001

0.23

6.25

< .001

SE

p Value
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‘N.R. Cond.×Time’
Model (Spanish
Composite Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
N.R. Cond.×Time
Random Effect
Level 1
Residual
Level 2
Subject
‘N.R. Cond.’
Model (Spanish
Composite Score)

Coefficient

SE

df

t Value

p Value

2.26
-0.27
0.10

0.44
0.35
0.13

176.74
334.89
325.33

5.12
-0.78
0.77

< .001
.434
.443

0.91

0.31

98.65

2.91

.004

0.38
0.28

0.11
0.16

333.28
329.65

3.29
1.72

.001
.087

Variance
Component
1.68
6.20

0.13

Wald Z
Value
12.62

< .001

0.98

6.34

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

2.00
0.28
0.09

0.42
0.13
0.13

143.84
326.58
326.15

4.82
2.09
0.69

< .001
.037
.489

0.90

0.31

98.54

2.91

.005

0.51

0.08

330.71

6.29

< .001

Variance
Component
1.69
6.20

0.13

Wald Z
Value
12.63

< .001

0.98

6.33

< .001

SE

p Value

To test the primary research question, of whether redundant and non-redundant
instructional multimedia differ for teaching of translation aspects of L2 reading and listening
skills, multilevel modeling was utilized. One applicable benefit of this approach that it handles
missing data in repeated measures (e.g., data of participants from whom not all of the six
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timepoints’ tests are included) without issue. See Table 9 for all parameter estimates from each
model addressing the primary research question with dependent variable Spanish reading test
score, Spanish listening test score, or Spanish composite score.
The first model will be referred to as the ‘template model’ when adapted for other models
below. In the first model, run with restricted maximum likelihood estimation, the dependent
variable was Spanish reading test score (see Table 7 and Figure 4). A random intercept for each
subject ID was included (covariance structure “Variance Components”) to account for nesting of
each participant’s tests within that subject ID. The predictor was a fixed effect for interaction of
condition and time (condition called “N.R. Cond.” in parameter estimates tables, dummy-coded
“1” for tests of the non-redundant condition’s material and “0” for tests of the redundant
condition’s material). A fixed effect of condition as a main effect was also included, though not
interpreted due to its shared variance with the condition×time interaction. Fixed effects were also
included to control for order effects (dummy-coded for if a test was part of the first condition the
participant received [“1”] or the second [“0”]), coded Spanish prior knowledge score, and time as
a main effect. Time was treated as continuous with the values “1”, “2”, and “3” for the three
timepoints of each condition per participant, and Spanish prior knowledge was also treated as
continuous. Diagnostics were run to confirm model adequately met multilevel modeling
assumptions. The interaction of condition and time was non-significant (p = .053). A second
similar multilevel model was run without the interaction, so as to investigate a predictor variable
of condition as a main effect without its effect controlled for that was reliant on time. In this
model condition was not significant (p = .075).
Similar multilevel models to the template model were run, each one alternatively with a
dependent variable of Spanish listening test score (see Table 7 and Figure 5), composite score
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(see Table 8 and Figure 6), rote subscore, near transfer subscore, far transfer subscore (see Table
10 and Figures 7, 8 and 9), Spanish-to-English subscore, or English-to-Spanish subscore (see
Table 11 and Figures 11 and 12). Diagnostics were run to confirm the Spanish listening score
model adequately met multilevel modeling assumptions as the Spanish reading model had. As
with the template multilevel model, additional versions of each model were also run with no
interaction and instead treating the condition main effect as the predictor. Table 9 shows all
parameter estimates for the Spanish listening test score and composite score models. In the
Spanish listening test score interaction model condition×time was not significant (p = .503) and
in the main effect model condition was not significant (p = .123). In the Spanish composite score
interaction model condition×time was not significant (p = .087) and in the main effect model
condition was significant (p = .037), favoring the non-redundant condition.
Each model with a dependent variable of a Spanish subscore had its questions in both
reading and listening formats pooled for power considerations. See Table 12 for summary with
all parameter estimates of only significant predictors (an effective way to succinctly show results
of interest for numerous multilevel models—e.g., Muth et al., 2016) for the subscore models, and
Appendix I for all parameter estimates of all their variables. All the rote, near transfer and
Spanish-to-English models, in both their interaction or main effect versions, showed no
significant effects of predictors. The Spanish far transfer score interaction model showed a
significant effect of condition×time (p = .022) and main effect model showed a significant effect
of condition (p = .012), both favoring the non-redundant condition. The English-to-Spanish score
interaction model did not show a significant effect of condition×time, but the English-to-Spanish
score main effect model showed a significant effect of condition (p = .012), favoring the nonredundant condition. For subscore models with significant predictors, similar follow-up models
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were run with only the reading questions or listening questions reflected in the subscore
dependent variable. See Table 13 for summary with all parameter estimates of only significant
predictors in the follow-up models. Significant effects were found here only for the English-toSpanish (listening questions only) main effect model for condition (p = .035), favoring the nonredundant condition, and for the far transfer (reading questions only) interaction model for
condition×time (p = .004), favoring the non-redundant condition.

Table 10. Mean (standard deviation in parentheses) Spanish rote, near transfer and far transfer
subscores (maximum score 4 each) of each condition at each timepoint
Redundant Condition

Rote
Subscore
Near Tr.
Subscore
Far Tr.
Subscore

Non-Redundant Condition

Time 1

Time 2

Time 3

Time 1

Time 2

Time 3

1.2 (.82)

1.07 (.87)

1.29 (1.11)

1.32 (.94)

1.3 (1.12)

1.3 (.91)

0.92 (.96)

1.08 (1.04)

1.5 (1.32)

0.9 (.93)

1.25 (1.13)

1.67 (1.22)

1.14 (.89)

1.08 (.95)

1.45 (1.09)

1.09 (.84)

1.41 (1)

1.64 (1.16)
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Figure 7. Spanish rote questions percentage correct for each condition across timepoints

Figure 8. Spanish near transfer questions percentage correct for each condition across timepoints
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Figure 9. Spanish far transfer questions percentage correct for each condition across timepoints

Table 11. Mean (standard deviation in parentheses) Spanish-to-English and English-to-Spanish
subscores (maximum score 6 each) of each condition at each timepoint
Redundant Condition

Sp.-to-Eng.
Subscore
Eng.-to-Sp.
Subscore

Non-Redundant Condition

Time 1

Time 2

Time 3

Time 1

Time 2

Time 3

1.96 (1.21)

1.63 (1.23)

2.46 (1.81)

1.91 (1.27)

1.97 (1.42)

2.51 (1.57)

1.3 (1.39)

1.6 (1.47)

1.78 (1.69)

1.4 (1.36)

1.98 (1.7)

2.1 (1.76)
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Figure 10. Spanish-to-English questions percentage correct for each condition across timepoints

Figure 11. English-to-Spanish questions percentage correct for each condition across timepoints
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Table 12. All parameter estimates of only significant predictors from main multilevel models
regarding the effects of condition, interacting or not with time, on each Spanish subscore
calculated—rote, near transfer, far transfer, Spanish-to-English, or English-to-Spanish
(dependent variable in parentheses)
Model Name (Dependent
Variable)

Parameter Estimates
Fixed Effect

‘N.R. Cond.×Time’ Model
(Spanish Far Transfer
Subscore)
‘N.R. Cond.’ Model
(Spanish Far Transfer
Subscore)
‘N.R. Cond.’ Model
(English-to-Spanish
Subscore)

Coefficient

SE

df

t Value

p Value

N.R. Cond.×Time

0.15

0.07

332.89

2.30

.022

N.R. Cond.

0.13

0.06

328.54

2.34

.020

N.R. Cond.

0.21

0.08

328.41

2.54

.012

Table 13. All parameter estimates of only significant predictors from reading and listening
questions-specific multilevel models following-up subscore models which had shown effects of
condition (dependent variable in parentheses)
Model Name (Dependent
Variable)
‘N.R. Cond.×Time’ Model
(Spanish Far Transfer
Subscore—Reading
Questions Only)
‘N.R. Cond.’ Model
(English-to-Spanish
Subscore—Listening
Questions Only)

Parameter Estimates
Fixed Effect

Coefficient

SE

df

t Value

p Value

N.R. Cond.×Time

0.14

0.05

338.31

2.92

.004

N.R. Cond.

0.11

0.05

333.90

2.12

.035
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Secondary research question.
Similar multilevel models to the template model (except by turns with a dependent
variable of Spanish reading test score, listening test score, or composite score) were run to test
the secondary research question—of whether Gf or EF skills affect learning of translation aspects
of L2 reading and listening skills or moderate redundancy’s effect on this learning. The n-back
task was found to be compromised due to computer error, and so updating EF results are not
reported here.
Versions of these models were run each with additional fixed effects representing either
Gf (measured with the CFIT) or shifting EF (measured with the DCCS) score. This individual
difference measurement additionally included in each model was represented as a main effect, in
a two-way interaction with condition, in a two-way interaction with time, and in a three-way
interaction with both condition and time. The three-way interaction was the only predictor (to
investigate moderator effects on performance by condition over time).
A further version of each model was run without the three-way interaction, without the
interaction of time and the individual difference measurement, and without the interaction of
time and condition. For this version of each model, the individual difference measurement main
effect was a predictor (to investigate if it affected performance on the language tests irrespective
of condition or time) and the two-way interaction between condition and the individual
difference measurement was another predictor (to investigate moderator effects on impact of
condition irrespective of time).
A third version of each model was run with the only interaction being between the
individual difference measurement and time, with this the only predictor (to investigate if it
affected performance on the language tests over time directly). The two versions of the CFIT
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score of Gf calculated during data preparation were utilized in separate versions of the series of
models described here (with CFIT performances with only one subtest successfully completed
either dropped or included with the missing second subtest’s score approximated from the first).
See Table 14 for summary with all parameter estimates of only significant predictors in the
models, and see Appendix J for all parameter estimates of all models addressing the secondary
research question.
First, I will describe the results of the Gf models with partial completions dropped. For
Gf(no partials)×condition×time models with each of the three dependent variables, the three-way
interaction was not significant. For Gf(no partials)×condition models with each of the three
dependent variables, neither Gf(no partials)×condition nor Gf(no partials as a main effect was
significant. For the Gf(no partials)×time model with reading test score as the dependent variable,
the interaction of Gf(no partials) and time was not significant. However, for both the Gf(no
partials)×time models with listening test score and composite score, the interaction of Gf(no
partials) and time was significant (p = .003 and p = .005 respectively), with higher Gf(no
partials) being found to predict higher rates of Spanish listening skills learning and composite
score increase.
Second, the results of the Gf models with partial completions included via proration will
be described. For Gf(with partials)×condition×time models with each of the three dependent
variables, the three-way interaction was not significant. For the Gf(with partials)×condition
model with reading as the dependent variable, neither Gf(with partials)×condition nor the
Gf(with partials) main effect were significant. For the Gf(with partials)×condition models with
Spanish listening test score or Spanish composite score as dependent variable, Gf(with
partials)×condition was not significant but the Gf(with partials) main effect was significant (p =
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.042 for listening and p = .047 for composite score), with higher Gf(with partials) being found to
predict higher scores across timepoints. For Gf(with partials)×time models with each of the three
dependent variables, Gf(with partials)×time was found to be significant (p = .001 for reading, p <
.001 for listening and p < .001 for composite score), with higher Gf(with partials) predicting
higher rates of Spanish reading and listening skills learning and composite score increase.
Finally, the results of the shifting EF models will be described. For the shifting
EF×condition×time models with each of the three dependent variables, the three-way interaction
was not significant. For the shifting EF×condition models with each of the three dependent
variables, neither shifting EF×condition nor shifting EF as a main effect was significant. For the
shifting EF×time models with reading test score or listening test score as dependent variable, the
interaction of shifting EF and time was not significant. However, for the shifting EF×time model
with composite score as dependent variable, the interaction of shifting EF and time was
significant (p = .034), with higher shifting EF predicting higher rates of Spanish composite score
increase.
These individual difference measurements were also investigated for their effects on
found effects from primary research question analyses of condition on subscores (Spanish far
transfer and English-to-Spanish), interacting or not with time. Versions of each model described
above investigating three-way interaction between individual difference measurement, condition
and time, and each model investigating two-way interaction between individual difference
measurement and condition (but now with condition as a main effect not treated as predictor)
were run with far transfer subscore as the dependent variable. The investigated interactions in
these models were not significant. Versions of each model investigating two-way interaction
between individual difference measurement and condition (with condition as a main effect not
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treated as predictor) were also run with English-to-Spanish subscore as the dependent variable.
The investigated interactions in these models were not significant.

Table 14. All parameter estimates of only significant predictors from main multilevel models
regarding Gf (partial CFIT completions either dropped or included via proration) or shifting EF,
with each model investigating the individual difference as either (1) moderator of condition
interacting with time, (2) moderator of condition and as main effect, or (3) interacting with time,
with dependent variable of Spanish composite score, reading test score, or listening test score
(dependent variable in parentheses)
Model Name (Dependent
Variable)
‘Gf (no partials)×Time’
Model (Spanish Listening
Test Score)
‘Gf (no partials)×Time’
Model (Spanish Composite
Score)
‘Gf (with partials)×Time’
Model (Spanish Reading
Test Score)
‘Gf (with partials)×
N.R. Cond.’ Model
(Spanish Listening Test
Score)
‘Gf (with partials)×Time’
Model (Spanish Listening
Test Score)
‘Gf (with partials)×
N.R. Cond.’ Model
(Spanish Composite Score)

Parameter Estimates
Fixed Effect

Coefficient

SE

df

t Value

p Value

Gf (no partials)×Time

0.03

0.01

268.06

3.04

.003

Gf (no partials)×Time

0.06

0.02

267.85

2.84

.005

Gf (with partials)×Time

0.05

0.01

296.18

3.44

.001

Gf (with partials)

0.07

0.03

72.84

2.07

.042

Gf (with partials)×Time

0.04

0.01

295.85

4.00

< .001

Gf (with partials)

0.14

0.07

71.48

2.02

.047
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Model Name (Dependent
Variable)

Parameter Estimates
Fixed Effect

‘Gf (with partials)×Time’
Model (Spanish Composite
Score)
‘Shifting EF×Time’ Model
(Spanish Composite Score)

Coefficient

SE

df

t Value

p Value

Gf (with partials)×Time

0.09

0.02

295.48

4.52

< .001

Shifting EF×Time

0.12

0.06

278.27

2.13

.034

Effects of demographic and study-related variables on L2 learning.
Similar multilevel models to ones addressing the secondary research question were run,
but with the additional variables being other various potential predictors/moderators of
participants’ characteristics. The individual difference measured represented in each model was:
Spanish prior knowledge (already in all models as a main effect but here interacting with
condition as well), age, sex/gender, race/ethnicity, year in college, major, musical ability, and
composite self-efficacy score. Reference groups were chosen for categorical variables (utilized
also in the logistic regression described in the Data Preparation subsection). Reference groups
were chosen based on (1) having substantial membership in the sample (enabling meaningful
comparisons with other groups), and (2) when possible, representing a group of interest that
could be most meaningfully discussed in comparisons to other groups (e.g., Hispanic/Latinx
race/ethnicity as the group most likely to have heritage in the language being taught, freshman
year in college as representing the beginning of the continuum of college years). Significant
results of these analyses are reported in Table 15 summary including all parameter estimates of
only significant predictors for these models.
Further similar multilevel models to those above were run, but with the additional
variable in each being related to participants’ experience of the study’s procedures. The first
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variable analyzed here was self-reported preference for video type (treated as continuous with
values “0”, “1”, and “2” for preferred redundant, no preference, and preferred non-redundant
respectively). The second variable analyzed here was self-reported attention paid to videos. The
third variable analyzed here was which condition the subject received first (dummy-coded as “1”
for non-redundant condition and “0” for redundant condition). In models of this last variable
there was not included the covariate usually included for whether the test was part of the
condition the subject received first, due to its perfect multicollinearity with which condition the
subject received first. Significant results of these analyses are reported in Table 15 summary
including all parameter estimates of only significant predictors for these models.

Table 15. All parameter estimates of only significant predictors from multilevel models each
regarding a demographic or study procedure-related variable, with each model investigating the
individual difference as either (1) moderator of condition interacting with time, (2) moderator of
condition and as main effect, or (3) interacting with time, with dependent variable of Spanish
composite score, reading test score, or listening test score (dependent variable in parentheses)
Model Name (Dependent
Variable)
[ref. group if applicable]
‘Spanish Prior
Knowledge×N.R. Cond.’
Model (Spanish Reading
Test Score)

‘Spanish Prior
Knowledge×N.R. Cond.’
Model (Spanish Listening
Test Score)

Parameter Estimates
Fixed Effect

Coefficient

SE

df

t Value

p Value

Spanish Prior
Knowledge

0.48

0.18

113.66

2.62

.010

Spanish Prior
Knowledge

0.46

0.16

113.48

3.00

.003
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Model Name (Dependent
Variable)
[ref. group if applicable]
‘Spanish Prior
Knowledge×N.R. Cond.’
Model (Spanish Composite
Score)

‘Year in College×
N.R. Cond.×Time’ Model
(Spanish Listening Test
Score)
[ref. group Freshman×
N.R. Cond.×Time]
‘Year in College×
N.R. Cond.×Time’ Model
(Spanish Composite Score)
[ref. group Freshman×
N.R. Cond.×Time]
‘Year in College×
N.R. Cond.’ Model
(Spanish Listening Test
Score)
[ref. group Freshman]
‘Year in College×
N.R. Cond.’ Model
(Spanish Composite Score)
[ref. group Freshman]
‘Year in College×Time’
Model (Spanish Listening
Test Score)
[ref. group Freshman×
Time]
‘Major×N.R. Cond.×Time’
Model (Spanish Listening
Test Score)
[ref. group Psychology×
N.R. Cond.×Time]
‘Major×N.R. Cond.’
Model (Spanish Reading
Test Score)
[ref. group Psychology×
N.R. Cond.]

Parameter Estimates
Fixed Effect

Coefficient

SE

df

t Value

p Value

Spanish Prior
Knowledge

0.96

0.32

109.61

2.99

.003

Sophomore×
N.R. Cond.×Time

-0.49

0.20

317.07

-2.43

.016

Sophomore×
N.R. Cond.×Time

-0.87

0.38

314.94

-2.32

.021

Sophomore

0.75

0.31

102.38

2.42

.017

Sophomore

1.45

0.64

99.59

2.25

.027

Sophomore×Time

0.30

0.10

328.23

2.96

.003

None
Indicated/Undecided
×N.R. Cond.×Time

1.37

0.56

312.67

2.47

.014

The Arts×N.R. Cond.

0.97

0.44

320.37

2.22

.027
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Model Name (Dependent
Variable)
[ref. group if applicable]
‘Major×Time’ Model
(Spanish Listening Test
Score)
[ref. group Psychology×
Time]
‘Musical Ability×
N.R. Cond.’ Model
(Spanish Listening Test
Score)

‘Musical Ability×
N.R. Cond.’ Model
(Spanish Composite Score)

‘Musical Ability×Time’
Model (Spanish Reading
Test Score)
‘Musical Ability×Time’
Model (Spanish Listening
Test Score)
‘Musical Ability×Time’
Model (Spanish Composite
Score)
‘Race/Ethnicity×
N.R. Cond.’ Model
(Spanish Reading Test
Score)
[ref. group
Hispanic/Latinx]

Parameter Estimates
Fixed Effect

Coefficient

SE

df

t Value

p Value

Nursing×Time

-0.33

0.14

325.91

-2.37

.018

Musical Ability×N.R.
Cond.

-0.10

0.05

320.74

-2.05

.041

Musical Ability×N.R.
Cond.

-0.20

0.09

317.61

-2.14

.034

Musical Ability×Time

-0.12

0.04

329.11

-2.76

.006

Musical Ability×Time

-0.10

0.03

328.38

-3.27

.001

Musical Ability×Time

-0.22

0.06

324.47

-3.66

< .001

Multiple
Races/Ethnicities
South Asian

-1.36

0.59

104.68

-2.30

.024

-1.75

0.65

97.90

-2.68

.009
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Model Name (Dependent
Variable)
[ref. group if applicable]
‘Race/Ethnicity×
N.R. Cond.’ Model
(Spanish Listening Test
Score)
[ref. group
Hispanic/Latinx]

‘Race/Ethnicity×
N.R. Cond.’ Model
(Spanish Composite Score)
[ref. group
Hispanic/Latinx]

‘Self-Efficacy×
N.R. Cond.’ Model
(Spanish Composite Score)
‘Attention to Videos×
N.R. Cond.×Time’ Model
(Spanish Listening Test
Score)

‘Attention to Videos×
N.R. Cond.’ Model
(Spanish Listening Test
Score)
‘Attention to Videos×
N.R. Cond.’ Model
(Spanish Composite Score)
‘Attention to Videos×
Time’ Model (Spanish
Composite Score)

Parameter Estimates
Fixed Effect

Coefficient

SE

df

t Value

p Value

Black

-1.30

0.49

105.89

-2.66

.009

East Asian
Multiple
Races/Ethnicities
South Asian
White

-1.27
-1.34

0.58
0.50

97.44
104.75

-2.21
-2.71

.030
.008

-1.58
-1.06

0.55
0.40

98.92
104.09

-2.88
-2.67

.005
.009

Multiple
Races/Ethnicities
South Asian
White

-2.71

1.03

101.16

-2.63

.010

-3.37
-1.69

1.15
0.82

96.29
100.58

-2.94
-2.05

.004
.043

Self-Efficacy

0.34

0.17

109.16

2.00

.048

Attention to Videos×
N.R. Cond.×Time

0.36

0.15

262.69

2.45

.015

Attention to Videos

0.51

0.24

65.73

2.10

.039

Attention to Videos

1.03

0.49

64.55

2.08

.041

Attention to Videos×
Time

0.29

0.14

269.32

2.06

.040

Note. In this table, any categorical variable split into multiple dummy-coded variables in a model
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has only its dummy-coded variable(s) with significant effects shown, and the reference group
indicated.
Participants’ perspectives on the video formats.
Of the 70 included participants who completed the post-instructional/assessment phase
multimedia preference questions, 24 indicated preferring the redundant videos, 22 the nonredundant videos, and 24 both equally. Responses to the open-ended reflection question
following the instructional/testing phase were consulted for comments of interest (any
participants’ comments reproduced here are reproduced in full and with no changes from the
participant’s original writing). Several responses to the open-ended instructional format
preference question gave reasoning for their preference or lack thereof along the lines of the
present study’s theoretical arguments for either concurrent or sequential presentation of text with
visuals/narration being better. For example, the following reasons were given for preferences for
the non-redundant format:
•

“It was just easier to pick upon, when you have the text with the video you have a lot of
movement and distractions to keep your eyes averted from the text.”

•

“I prefer with text before the videos because I have time to process the words on their
own with no distractions, and then time to hear those words i've already tried to put to
memory.”

•

“when the people were speaking I liked to look at their expressions and actions, rather
than the words, to help me understand what they were saying so having the words
displayed before the videos was more helpful to me”
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•

“I was able to see how the sentence was formated allowing me to memorize some
keywords but during the video, my attention was on the characters and their dialogue
more than the text that was given during the video.”
No participants preferring the non-redundant condition made comments specifically as to

preferring it for ability to compare the translations of the text on its bilingual text slides. A reason
such as that quoted above regarding ability to ‘see the formatting of the sentence’ could be
inferred to mean this, but does not contain any explicit reference to bilingual text comparison.
As examples of reasoning in line with cited literature on the temporal contiguity
principle, explaining preference for the redundant format, the following responses were given:
•

“You were able to read the words as they were saying them which made me connect the
words to how to say them”

•

“You can read and hear at the same time which helps understanding.”

•

“It allowed me to see what the person was saying while doing the action so that i could
understand it better.”
Finally, some participants had comments outside the theoretical groundwork the present

dissertation was developed based on. One participant spoke to the different pace of the nonredundant format, saying “It was easier to take in information as it went at a significantly slower
pace than the version with text during videos.” One participant suggested a novel format
including both the text slide before and the captions during contained in one multimedia
instructional presentation, “i think you should have it with both test during and before it could
help”. Another participant’s reason for also having no preference supported this same idea, “so i
can see it twice before and during videos so i can understand better”. One participant suggested
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that the order of the versions of each clip displayed should be reversed, stating, “I believe that it
would have been far more optimal if the English was spoken first.”
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Chapter VI: Discussion
This study was performed to elucidate the applicability of the redundancy principle of
multimedia learning to translation aspects of L2 reading and listening skills. It addresses the
question, is L2 instructional multimedia with visuals and narration concurrently better learned
from than with visuals, narration and verbatim written text concurrently? This principle has been
confirmed for domains outside language learning. However, past studies comparing learning
from L2 instructional multimedia with captions or without have consistently found ‘with
captions’ formats to engender better L2 skills, including listening skills and vocabulary
acquisition. Hence, they have concluded that the redundancy principle does not apply to L2
learning. Some of these studies have pointed to the unique usefulness of text display for L2
learning. However, none of these studies have considered the possibility of L2 instructional
multimedia that shows text, but only non-redundantly.
To this end, the present dissertation compared two formats of L2 instructional
multimedia. Both included L2 and native language versions of short movie clips with written text
verbatim to the spoken narration, but one had the text concurrent with each clip pair (redundant)
while the other had the text on a bilingual text slide preceding each clip pair (non-redundant).
Each participant learned from each of these two formats, in a within-subjects, counterbalanced
design, randomizing which set of videos was in which format and the order of conditions (which
format occurred first). Instructional sequences were each followed by an assessment in reading
and listening skills, with the repeated measures increasing statistical power. Questions included
rote learning translation items, and near and far transfer translation items, to investigate levels of
learning occurring, in line with Mayer’s (2009) cognitive theory of multimedia learning.
Multilevel modeling was used to compare all the tests of one condition to all the tests of the
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other, with within-subject variance partialed out through a random intercept for it included in the
model. Thus, procedures and statistical techniques were used which would allow for the primary
and secondary research questions of the present study to be answered.
Primary Research Question Findings
In multilevel models with a dependent variable each of Spanish reading test score,
listening test score, or composite of the two, an interaction of redundancy of condition and time
did not have effects on the rate of score change. In similar multilevel models, but without the
interaction and with condition as a main effect as the predictor, redundancy of condition was not
shown to affect reading or listening test scores individually, but the non-redundant condition was
better than the redundant condition in fostering the composite of them (p = .037). Each of these
multilevel models (see Table 9) included a random intercept to control for subject-level variance,
and fixed effect covariates to control for Spanish prior knowledge, order effects from the withinsubjects counterbalancing approach, and time as a main effect.
These findings showed multimedia with text at a different time from its video and audio
(non-redundant) to overall support learning of translation aspects of reading and listening skills
in Spanish better than multimedia with text at the same time as its video and audio (redundant).
The findings also showed the conditions as equivalent in supporting solely reading or solely
listening translation skills. All these findings cast doubt on the established dominance of
redundant L2 instructional multimedia utilizing captions (e.g., Perez et al., 2013).
Multilevel models similar to the ones described above were also run each with a
dependent variable of a different Spanish subscore (with reading and listening translation items
combined for each subscore), for subscores of rote questions, near transfer questions, far transfer
questions, Spanish-to-English translation direction questions, and English-to-Spanish translation

95
direction questions (see Table 12 for all estimates of significant predictors in models, and
Appendix I for all estimates). All models for the rote questions, near transfer questions, and
Spanish-to-English questions had no significant predictors. The far transfer model investigating
interaction of condition and time showed the non-redundant condition to foster a greater rate of
learning Spanish far transfer translation skills (p = .022). The far transfer model investigating
condition as a main effect showed the non-redundant condition to foster greater learning of
Spanish far transfer translation skills across timepoints (p = .020). The English-to-Spanish model
investigating interaction of condition and time did not show it to be significant, but the Englishto-Spanish model investigating condition as a main effect showed the non-redundant condition to
foster greater learning of English-to-Spanish translation skills across timepoints (p = .012).
Follow-up models with reading questions-specific or listening questions-specific versions of the
dependent variables of these models with significant results were run. The Spanish far transfer
translation skills greater learning rate for non-redundant multimedia was shown to occur
particularly for reading format questions (p = .004), and the English-to-Spanish translation skills
across-timepoints learning advantage for non-redundant multimedia was shown to occur
particularly for listening format questions (p = .035). See Table 13 for all estimates of significant
predictors in these follow-up models.
Far transfer skills demonstrate deep learning, requiring application in situations different
from the original instructional context. As such, the findings of advantages for the non-redundant
condition in fostering both the pooled (both reading and listening items together) and readingspecific performance on far transfer translation questions described above suggests qualitatively
improved processes in learning from non-redundant L2 multimedia. The English-to-Spanish
translation advantages of the non-redundant condition (both for pooled items and listening items
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specifically) are harder to interpret. However, given that English-to-Spanish questions had little
overlap with far transfer questions (only one in three English-to-Spanish questions was a far
transfer question) and English-to-Spanish listening questions could have no overlap with far
transfer reading questions, these advantages likely speak to broad benefits of non-redundant L2
instructional multimedia across different L2 competencies in translation.
Theoretical Implications
The redundancy principle has been shown in the present study to extend to L2 learning;
this runs contrary to findings of previous studies. This novel finding stems from considering both
the importance of including L2 text in such multimedia and how it can be most successfully
included. Various studies that found support for captions over no-text conditions correctly came
to the prior conclusion, but did not fully consider the latter, by suggesting their findings meant
the redundancy principle does not apply to L2 learning (e.g., Liu, 2019; Perez et al., 2013) When
multimedia instruction is in a learner’s native language, written language is simply a medium for
teaching a different topic. In contrast, for L2 instruction, written language is either part of the
material itself being taught (for writing or reading skills) or is a crucial aid inextricably linked to
the material being taught (for speaking or listening skills). Written text helps provide word
boundary cues, pronunciation aids, and morphology indications to guide learning from the
spoken form of the language (e.g., Mitterer & McQueen, 2009; Samur, 2012). Therefore, simply
comparing instructional utility of L2 multimedia with and without captions, calling the former
redundant and the latter non-redundant (e.g., Sydorenko, 2010), does not properly test the
redundancy principle of multimedia learning as it otherwise would for non-L2 content learning.
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Effective non-redundant L2 instructional multimedia design.
The present study drew from two established techniques in multimedia design that had
been shown to be effective for non-redundant instruction with text (non-concurrently displayed
with video and narration). The first technique is segmenting into ‘small bites’ (Moreno & Mayer,
2000)—having only a small amount of content displayed in each video/audio segment that text
will precede (i.e., only several second-videos each in the present study). Second, each video
segment had minimized thematic relations with other segments in its set (Robinson et al., 2003),
with only transfer words to be inferred across different language segments linking them.
Therefore, instructional multimedia was created that could have text displayed at a different time
than its video/audio, but in such a way that the load on a learner’s working memory capacity was
minimized.
The findings of greater (rather than only equal) learning from the non-redundant
condition were likely due to its inclusion of ‘bilingual text slides’. Bilingual text slides are an
affordance unique to L2 instructional multimedia which contains both L2 and native language
versions of content, but not possible when the multimedia is redundant (see the Literature
Review chapter for research on the nearest similar redundant format: ‘bilingual subtitles’). In the
non-redundant condition, the bilingual slide for each clip pair contained the text for both the
Spanish version of the video and the English version of it on the same slide. Thus, it was possible
for a participant viewing the non-redundant instructional materials to compare the Spanish and
English translations with each other. In the post-instructional/assessment phase survey, no
participants who self-reported preferring the non-redundant explicitly described availability of
this learning strategy as a reason for their preference. However, the findings of the Spanish
subscores multilevel models point strongly toward Spanish and English text comparison in the
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non-redundant condition. Far transfer skills (and particularly far transfer reading skills) were the
ones on the rote-transfer continuum found to be augmented to a statistically significant degree by
the non-redundant multimedia. The far transfer questions used in the present study required
extrapolation of constituent parts of sentences that could be inferred (e.g., “tiré” and translation
“I threw” as parts of two separate language segments taught) and then understood as reorganized
into novel untaught sentences. Text comparison of bilingual slides as a learning strategy would
well fit learning to answer these far transfer questions, and particularly the reading ones. Models
showing lack of significant interactions between Spanish prior knowledge and condition also
suggest the bilingual text slides’ benefits were not limited to those with experience with the L2.
Given reasons described in the Literature Review chapter for potential benefits or detriments
from learning with L2 instructional multimedia including bilingual text slides, the current
findings strongly support the value of the format.
The potentially advantageous affordance of bilingual slides for non-redundant L2
multimedia has limited applicability, however, and when it is applicable it is not clear how many
L2 skills it is most effective for. Situations in which monolingual L2 materials may be used
preclude the use of bilingual text slides. In this case, each redundant L2 captioned video would
have to be compared to a non-redundant version of the video (monolingual text slide followed by
the video with no text) to see if the present study’s findings generalize beyond L2 instructional
multimedia containing both the L2 and its native language translation. Based on CTML
considerations (described below), in a monolingual L2 instructional multimedia redundancy
comparison where both include text, the non-redundant format and redundant formats should
foster similar learning of L2 skills.
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However, the present study’s findings also showed a non-redundant advantage less easily
explained by the bilingual text slide inclusion. The present study’s Spanish subscores multilevel
models, besides for far transfer translation skills, also showed a non-redundant condition
advantage for English-to-Spanish translation skills (and particularly English-to-Spanish listening
translation skills). Though this subscore included far transfer questions, they only made up onethird of its questions (along with rote and near transfer). Also, though English-to-Spanish
listening questions involved hearing items that were in the participant’s native language and thus
could be mentally converted to written form before being translated, the existence of a
significant English-to-Spanish listening benefit and not significant reading benefit put distance
between the benefit and suggestion of a predominantly-bilingual text slides cause. Follow-up
studies, suggested in the Limitations and Future Directions subsections of the present chapter,
may clarify the source(s) of all benefits for non-redundant over redundant multimedia with text.
CTML considerations of L2 learning findings.
It is interesting that the non-redundancy of the sequential presentation condition in the
present study along with temporal contiguity of its bilingual text slides causes a benefit that
outweighs its disadvantage to concurrent presentation (captioned video) in terms of temporal
contiguity of text and movie scene/speaking. Temporally contiguous redundant multimedia, such
as the instructional videos with concurrent captions, would be favored by its written text
appearing at the same time as the same verbal content is spoken and relevant film occurrences
are witnessed. Indeed, as many participants’ post-instructional reflections spoke to this CTML
rationale for the redundant multimedia as spoke to the CTML rationale for the non-redundant
multimedia (Mayer, 2009). However, the present study’s results show that the video, narration
and same-language text temporal contiguity benefit is actually less than the disadvantage caused
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by too much visual content (both moving pictures and written text) for the learner to pay
attention to with captions, and no ability to see text of both languages of the film clips
simultaneously without distractions.
Findings from previous studies (Kalyuga et al., 2004; Moreno & Mayer, 2000) and
reasoning regarding bilingual text slides led to the present study’s hypothesis that captions would
be less useful for learning than bilingual text slides preceding, and the present study’s data
support this hypothesis. The present study’s findings including this advantage of bilingual text
slides preceding particularly occurring for far transfer skills elucidates a likely mechanism of
learning. Learners with L2 content broken up into a dedicated time for the written text and a
dedicated time for the visuals/audio have less cognitive load during the instruction. Even the
bilingual slides included, which likely were necessary for the non-redundant advantage, are
clearly shown to be effective here in a way they have not consistently been for redundant
‘bilingual subtitles’ studies (e.g., Lwo & Lin, 2012; Wang & Pellicer-Sánchez, 2022). Bilingual
text presented non-redundantly could be displayed for the length of time all of the text would be
spoken (unlike with bilingual subtitles, where they are only presented for the length of time the
L2 is spoken), and without visual distractions from the film content. Thus, the learner has more
cognitive load capacity still available and better allocated (less extraneous load, more germane
load—Sweller et al., 1998) to construct their own mental models of the L2 content.
These findings have substantial implications for applications of the CTML (Mayer,
2009), even outside of L2 learning. For example, are there other learning situations even with
learners’ native languages where the verbal content is too complex/jargon-heavy and would also
benefit more from text-then-visuals/audio (rather than either no-text-only-visuals/audio or textduring-visuals/audio)? Kalyuga et al. (2004), which also found sequential verbatim text and
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narration presentation to be learned from better than concurrent, and indeed had relatively
complex/jargon-heavy verbal content, may include this as a mechanism of action. Studies
described in the Literature Review chapter regarding advantages of keywords-only redundancy
in domains outside L2 learning over either verbatim redundancy or full non-redundancy already
apply this as well. They balance the benefits of having different representations of the same
content simultaneously for forming mental models with the detriments of having too much
content (particularly of types that can distract from each other—written text and demonstrative
visuals) which would overload the learner’s cognitive capacity.
The present study’s findings are at turns consistent with and require reinterpretation of
past L2 learning studies’ findings. Video, having decades ago been confirmed as an effective L2
instructional tool and since then being investigated for its most efficient modes (Baltova, 1994),
is shown in both the current pilot and main studies to be effective in a certain novel format. Short
movie clips presented in pairs of both Spanish and English versions, with each pair having text
either as captions or on a bilingual text slide preceding, are shown to be able to have translation
aspects of reading and listening skills learned from them through a few phases of viewing. The
main study showed the bilingual text slide preceding mode (non-redundant) to be the most
effective one, particularly for meaningful learning outcomes (far transfer).
The role of captions in L2 instructional videos, determined over the course of many
studies for various language outcomes, is now suggested to be the role of verbatim written text
accompaniment in general. In fact, under certain conditions, captions are suggested now to not
be the best format for the verbatim written text accompaniment. Thus, the assistive role that
captions were ascribed for bridging the gap of L2 learners’ weak listening skills (Vanderplank,
1988) can now be ascribed to verbatim written text accompaniment in general. It is the written
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text duplicating the dialogue, and not whether it is displayed in a format inconsistent with the
redundancy principle, that provides this assistive role for L2 learners. Their weak vocabulary
levels (with vocabulary level being highly correlated with successful listening—Stæhr, 2009;
Webb & Rodgers, 2009) are not necessarily helped any less by text which appears at a separate
time from the video as opposed to concurrent with it. In fact, their abilities to translate words and
phrases (which are similarly supportive of reading and listening success—Vermes, 2010) can be
helped more by it, as shown by the present study’s findings.
This non-redundant advantage (as opposed to equal result) is again probably specific to
non-redundant multimedia with both languages’ text on the same standalone slide compared to
redundant multimedia with it separately concurrent with L2 and native language versions of the
video. It also likely requires, as an equal result would, that the video and verbatim text
alternations occur after every sentence or two (small bites), and that this breaking up of the
action does not impair any ‘across-chapter’ themes existent between each separate video. These
likely preconditions, however, do not change the present study’s findings evincing the past
consensus on captions (as the only effective verbatim text support for L2 multimedia) to be too
narrowly-focused. Other ways of including verbatim written text support to achieve these same,
or even more, learning benefits are shown to be possible.
Extent of Non-Redundant Benefit in L2 Learning
Various findings here may show limits to the greater benefits of non-redundant
multimedia for learning translation aspects of L2 reading and listening skills, or show the need
for additional research to ascertain whether such effects exist. The benefits for non-redundant
multimedia for Spanish composite score and English-to-Spanish subscore demonstrated here are
only across all timepoints of testing, rather than constituting a greater trajectory for learning. It is
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possible that non-redundant L2 multimedia allows for both these benefits to ‘kick in’ after a
certain amount of practice with study material of a certain difficulty (see Figure 6 regarding
Spanish composite score and Figure 11 regarding English-to-Spanish subscore). For Spanish
composite scoring, this benefit may also trail off as trials continue (see Figure 6).
Lack of findings of separate effects on reading tests or listening tests alone was also
witnessed. Lack of findings of a listening-specific effect could be explained by the ‘dosage’
argument above, as witnessed in Figure 5 with conditions similar at timepoints 1 and 3, but the
non-redundant condition substantially higher-performing at timepoint 2. Lack of a readingspecific effect may reflect boundaries of the benefits of the non-redundant L2 instructional
multimedia. However, the reading tests model including a time interaction showed the
interaction of condition and time to have p = .053, extremely close to statistical significance, in
the same direction as the significant composite effect.
Secondary Research Question Findings
Similar multilevel models to those run for the primary research question (with a
dependent variable each of Spanish reading test score, listening test score, or composite score)
were run to address the secondary research question. To recapitulate, the secondary research
question was of whether individual difference variables of Gf or executive functioning affect
learning of translation aspects of L2 reading and listening skills, either moderating the effect of
condition or on their own. These multilevel models were run including one individual difference
measurement each in versions:
•

with a three-way interaction between the individual difference, condition, and time, and
all lower-level interactions (investigating the three-way interaction)
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•

with the only interaction being that between the individual difference and condition
(investigating both that interaction and the main effect of the individual difference)

•

with no condition-related variables (regarding condition order effects or condition itself)
and the only interaction being between the individual difference and time (investigating
that interaction)

As some individuals were found to have the second subtest administered of the CFIT (measuring
Gf) compromised (e.g., careless responding, not understanding directions) but not the first, two
versions of the CFIT were calculated: for Gf (partial completions dropped) and Gf (partial
completions included via proration). Aforementioned individual difference models were run in
separate versions for each of these versions of Gf calculation. Of EFs, shifting EF (measured by
the DCCS task) was the only one run in models, as updating EF (measured by the single n-back
task) was compromised due to computer error during data collection. See Table 14 for summary
of all parameter estimates of only significant predictors and Appendix J for all parameter
estimates of all main models (those described above) addressing the secondary research question.
All three-way interactions between individual difference, condition and time were not
significant. All two-way interactions between individual difference and condition were not
significant as well. Follow-up models similar to these but in terms of models for subscores for
which there had been significant findings for the primary research question (Spanish far transfer
and English-to-Spanish subscores) were run as well. However, they also showed no three-way
interactions between individual difference, condition and time, or two-way interactions between
individual difference and condition. Thus, it can be determined that neither Gf nor shifting EF
has appreciable impact on differences in L2 learning based on redundancy of the instructional
multimedia used. This is not surprising, as there had been little reason to suspect these individual
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differences would improve learning from one condition over the other. Any differences that
existed in learning process between those with higher and lower levels of these cognitive
capacities were likely to give similar benefits/detriments for the same conditions (i.e., individuals
with higher Gf or shifting EF taking better advantage of the best multimedia format and/or
compensating better for the weaknesses of the inferior multimedia format).
Main effects of these individual differences and their interactions with time showed some
significant results, however. Gf (no partial completions) interacting with time was significant for
Spanish listening test score and composite score, showing higher Gf predicting a higher rate of
learning for these. Gf (partial completions included via proration) interacting with time was
significant for Spanish reading test score, listening test score, and composite score. It also
showed main effects for listening test score and composite score. These results were all for
higher Gf predicting higher rates of learning as well. Shifting EF interacting with time was
significant for Spanish composite score, showing shifting EF predicting higher rates of
composite score increase.
Therefore, these cognitive capacity qualities were shown to be beneficial for learning of
translation aspects of L2 reading and listening skills, as expected based on past research linking
Gf and EFs to successful L2 learning. Which particular L2 indices they benefited learning of is
not always clear. There were some differences between results of the two versions of Gf
calculated—particularly, including prorated partial completions resulted in a main effect for
Spanish reading, whereas no reading-specific effects were shown for Gf with these partial
completions eliminated. Also, shifting EF showed no effects on either Spanish reading or
listening tests alone. However, interactions with shifting EF and time were close to significance
for reading and listening dependent variables alone (both with p < .10). Also, both versions of Gf
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calculated and shifting EF all showed significantly higher rates of Spanish composite score
increase. These results taken all together, there were clearly broad benefits of Gf and shifting EF
broadly across learning of translation aspects of L2 reading and listening skills, and certain areas
benefits were not found in may have evidenced them given additional statistical power.
Findings on Demographic and Study-Related Variables and L2 Learning
Relationships and lack thereof found between certain demographic/study-related
variables and learning of translation aspects of L2 reading and listening skills are of interest.
Multilevel models were run similar to the main ones run for the secondary research question (i.e.,
those with dependent variable Spanish reading test score, listening test score, or composite
score), but each with one of these variables included in it in lieu of Gf or shifting EF. When a
variable was categorical, it was split into multiple dummy-coded variables with one chosen as
the reference group. See Table 15 for summary of all parameter estimates of only significant
predictors in these models.
Abilities/attitudes and L2 learning findings.
Persons with higher self-reported musical ability benefited less from the non-redundant
multimedia on Spanish listening test and composite scores. This might suggest that nonredundant multimedia for learning of translation aspects of L2 reading and listening skills
particularly helps those who have low prior ability in the musical qualities of language. Musical
ability is known to have advantages for L2 learning, including through positive influences on
speech processing aspects such as auditory perception (Chobert & Besson, 2013); therefore,
participants higher in musical ability may have experienced less cognitive overload in the
redundant condition. However, persons with higher self-reported musical ability also had lower
rates of learning on Spanish reading test, listening test, and composite scores. Given the known
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advantages of musical ability for L2 learning just mentioned, it is probable that a common causal
variable was linked to both musical ability and lower rates of L2 learning.
Participants’ self-efficacy for the language lessons that were to come predicted their
achievement on the Spanish composite score, as those who believed more in their ability to
succeed had more success. This is in line with findings of previous studies on self-efficacy’s
impact on L2 learning, just as on other domains such as math, science and native language
writing (Raoofi et al., 2012). These results further support the importance of developing learners’
self-efficacy for L2 learning (Mills, 2014), by showing its impact on learning translation aspects
of L2 reading and listening skills.
Persons with higher coded Spanish prior knowledge scores performed better across
timepoints on Spanish reading test, listening test, and composite scores. This was expected.
However, higher coded Spanish prior knowledge scores did not predict a greater rate of learning
on any of these outcome scores. It is possible that those with higher Spanish prior knowledge had
less to gain from the instructional videos, which would lead to their performing better across
timepoints but not having any greater increase than those with lower Spanish prior knowledge
from one instructional iteration to the next.
Demographic characteristics and L2 learning findings.
People of various ethnicities/races performed lower than reference group Hispanic/Latinx
people in Spanish translation learning across different outcome scores. Hispanic/Latinx people
performed better than multiracial/multiethnic people and South Asian people on Spanish reading
test scores. Hispanic/Latinx people performed better than Black people, East Asian people,
multiracial/multiethnic people, South Asian people, and White people on Spanish listening test
scores. Hispanic/Latinx people performed better than multiracial/multiethnic people, South
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Asian people, and White people on Spanish composite scores. The greater results for
Hispanic/Latinx participants, while seemingly expected (given the outcome language of the
study being Spanish), occurred in analyses with prior Spanish experience/ability already
controlled for. Therefore, the greater result for Hispanic/Latinx participants could either indicate
super-lingual cultural knowledge they had that was applicable, or limitations of measurement of
prior Spanish experience/ability. It is notable that listening tests showed Hispanic/Latinx learners
having an advantage over more other groups of races/ethnicities than reading tests did. It is
possible that a number of the Hispanic/Latinx learners were heritage language learners, who
know their family’s language primarily from home experiences and not from the society outside
(Valdés, 2000), and therefore often are less developed in reading and writing abilities in the
language (Montrul, 2016).
Sophomores benefited less from the non-redundant instructional multimedia over time
than did reference group Freshmen in both Spanish listening test and composite scores. At the
same time, Sophomores had positive main effects in both these scores, and a greater trajectory of
listening test score increase, irrespective of condition, also in comparison to reference group
Freshmen. It is possible that Sophomores did not need the better resource of the non-redundant
instructional multimedia which Freshmen learned faster using. The condition-irrespective higher
performance of Sophomores than Freshmen may indicate their having greater academic ability as
upperclassmen. Other upperclassmen were perhaps not able to show significant differences in
any of their comparisons due to less representation in the sample.
Learners who did not indicate a major or listed ‘Undecided’ for their major, grouped
together, had a faster rate of learning Spanish listening translation skills from non-redundant
multimedia than the reference group of psychology majors. Those who listed majors grouped as
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‘The Arts’ benefited more from the non-redundant condition in learning Spanish reading
translation skills across timepoints than the reference group of psychology majors. Due to the
heterogeneity and small sample size of the ‘None Indicated/Undecided’ and ‘The Arts’
groupings, these results are hard to interpret and potentially spurious. Those who listed ‘Nursing’
as their major had a greater rate of learning Spanish listening translation skills than the reference
group of psychology majors, irrespective of condition. More research would be necessary to
determine if there are characteristics of nursing majors which cause them to learn Spanish
listening translation skills from instructional multimedia faster than psychology majors.
Study-related variables and L2 learning findings.
A greater preference for one or the other multimedia condition was not found, which
suggests that while the non-redundant multimedia was better learned from, it does not achieve
affective dominance (with affective/motivational concerns being currently pertinent to
multimedia learning research—Mayer, 2014a). This would possibly be unexpected, given
Sydorenko’s (2010) findings of greater cognitive stress for participants watching L2 learning
film with captions rather than without written text at all. Thus, it is possible that inclusion of
written text in any form increases learners’ cognitive stress—this possibility would require
further study to be elucidated.
More attention self-reported as having been paid to the instructional L2 multimedia was
found to have benefits across timepoints for Spanish listening test and composite scores, and a
greater rate of increase of composite scores. These results are expected, though the lack of
similar results for reading test scores alone is surprising. Attention to videos significantly
interacted with condition and time in predicting Spanish listening test scores, with more attention
paid benefiting learning listening translation skills from non-redundant more than redundant
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multimedia. This could indicate that while the likely utilized strategy of bilingual text slide
comparison in parsing the non-redundant multimedia was either automatic or not overly difficult,
gaining listening translation skills benefits that were more available from the non-redundant than
the redundant multimedia required more effort. On the other hand, if bilingual text slide
comparison is a strategy requiring intentional and substantial effort to execute successfully, these
results could suggest the strategy was less utilized than otherwise appears likely from the present
study’s findings.
Improved L2 Instructional Multimedia and Equity
Improved L2 learning techniques—as investigated in the present study—stand to have
vast, cascading effects on our society’s inclusivity, including when they are used to teach English
native speakers. These effects can occur through increases of learners’ tolerance of ambiguity in
general and cultural competence in culture(s) of the target language in particular.
Tolerance of ambiguity and L2 learning with multimedia.
Tolerance of ambiguity is the tendency to perceive an unfamiliar situation as desirable,
rather than threatening (Budner, 1962). Unfamiliar situations could include cultures outside an
individual’s previous experience. Research on motivation (Thompson & Erdil-Moody, 2014),
anxiety (Thompson & Lee, 2012) and beliefs (Thompson & Aslan, 2014) show learning an L2 to
improve a person’s tolerance of ambiguity. Dewaele and Wei (2013) found a high level of
multilingualism (proficiency in more than two languages) can increase tolerance of ambiguity,
and with this effect not stemming from growing up in a multilingual family. However, they
acknowledge that a higher level of tolerance of ambiguity can also strengthen an individual’s
inclination to become multilingual. Başöz (2015) found no link between L2 vocabulary
knowledge and tolerance of ambiguity, but they did find a link between tolerance of ambiguity
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and perceived achievement in L2 vocabulary learning. These studies overall suggest links
between L2 learning and tolerance of ambiguity, though the degree and direction of causality of
the relationship is not fully clear. There is relatively little work specifically investigating
language learning’s effect on tolerance of ambiguity, rather than the opposite or a general
correlation lacking in directionality. Still, the research studies existent related to this topic
suggest L2 learning could have positive effects on tolerance of ambiguity, with better L2
learning methods utilized leading to a more tolerant population.
Cultural competence and L2 learning with multimedia.
Effective L2 learning techniques increase not only learners’ abilities in the language in an
abstract sense, but their knowledge of one or more cultures of the peoples who speak the
language they are learning. Language and culture are intertwined, in that a language is never
wholly removed from the lifestyles, philosophies, values, and other ingrained communal
thoughts and actions present among its speakers (Jiang, 2000). Instruction designed to develop
L2 skills contextually can succeed in increasing learners’ cultural competence (Nguyen &
Kellogg, 2010). Teachers of all ages and domains specifically must be trained to have the
cultural competence necessary for more adequately teaching our nation’s increasingly diverse
population (Ward & Ward, 2003). Relatedly, instruction must reflect the backgrounds of the
students who make up the classrooms, including in the United States particularly Latinx children;
honoring the students’ language is integral to this honoring of their culture (Matthews & López,
2018). Thus, better methods of teaching L2s, if targeted toward our current/future teachers and
curriculum creators, can create a more fair educational landscape for future students of various
Latinx cultures.
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Better multimedia techniques for teaching an L2 can be utilized in digital resources
which include cultural content in the language lesson. Indirect effects of a multimedia L2 lesson
as well, such as more fundamental skills/confidence in the L2 that might lead one to various
chosen multicultural learning situations in life, may become more likely with more effective
multimedia instructional techniques utilized. Interactive technologies in general and digital
games in particular can be included among these modes which employ multimedia. Carel (1999)
describes how French pragmatics, the ability to use language appropriately, could be aided with
an interactive L2 multimedia program. She describes how technology allowing for real-life use
of language provides access to a wider range of language interactions, so that learners can
compare communicative behaviors of people in different contexts. Neville et al. (2009) studied
how an interactive fiction game could be used to teach German cultural skills along with
vocabulary and reading. Their digital game required the student to roleplay an American foreign
exchange student living in Germany, navigating and having interactions with non-player
characters in a train station. Students in a control group (non-game, print-based) felt that the
story did not help them learn German culture as much as vocabulary. Students in the
experimental game group, however, found that the game not only helped them learn vocabulary
but also its application in specific physical spaces and localization of the vocabulary within
cultural contexts. This study speaks to specific benefits of a digital game format for developing
cultural competence. Though games have characteristics going well beyond multimedia as well
(e.g., interactivity), they also rely at a basic level on multimedia, and as such best inclusion of
multimedia principles will bolster their learning effectiveness.
Films and other passive multimedia resources can also be designed and used to support
cultural competence. Türkmen (2020) suggests that such multimedia as shows, films,
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documentaries, and more on Netflix can be used to include cultural competence-building in
support of L2 learning. Türkmen, from a questionnaire given to Turkish students learning
English, found that language learners may try to utilize Netflix for such a purpose, though it is
not their primary reason for watching the programs. Seferoğlu (2008) found teachers of English
as an L2 to unanimously agree that feature films give students opportunities to learn carrying on
of a conversation and negotiating meaning in it, types of exclamations and filling expressions,
colloquial English in real-life contexts, and non-verbal communication. The teachers also
acknowledged feature films could expose students to a wide range of native speakers (each with
varying slang, accents and dialects), and a wealth of contextualized expressions and authentic
cross-cultural content. A great deal of pragmatics exposure is evident in these potential benefits
of feature films.
Thus, it is seen how films and games for L2 learning are empirically-supported and can
support cultural competence, and with the mediums relying fundamentally on best use of
multimedia. Sykes (2017) provides an overview of recent work on technologies for teaching and
learning intercultural competence and interlanguage pragmatics. She makes clear that yet-needed
work of fundamental importance includes isolating variables to determine the most useful
approaches to classroom intervention which take advantage of technology’s many affordances
for teaching and learning. Many of the aforementioned supported game/film L2 teaching
techniques for supporting cultural competence would be further augmented with better use of
multimedia in them. This is particularly true given the demonstrated affordances these mediums
have as rich resources of cultural information and, in the case of games, interaction. As Sykes
(2017) specifies, this important research avenue is currently benefitted crucially by investigation
isolating variables to determine how technology may best be implemented.
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Practical Implications
The findings of the present dissertation have direct ramifications for classroom teaching
and independent learning of an L2, at least in terms of translation aspects of reading and listening
skills in it. In cases where a video would be used and the video is short enough (a sentence or
two), having the written text of the dialogue displayed before the video may be an equally
effective option as the written text displayed during the video. In addition, particularly for video
included in both the L2 and learners’ native language, where the text slide preceding could be
bilingual, having the written text displayed before the video would likely be the better option. If
a teacher wants to implement non-concurrent display of verbatim text and video but does not
have the capabilities or time for the required video editing, certain less-technological methods
may be used to simulate it. For example, a teacher could have print-outs of the text for a video
available, broken into sections, for students, and then when showing the video ask students to
read each section of the text before she plays that section of the video, then pauses, and repeats
the approach. It may be important here for the video to have either a simple plotline or individual
sections being unrelated, so that there are not across-chapter themes that would be impaired by
the breaking up of action with pausing and reading times (Robinson et al., 2003). Regarding
independent learners (learning outside of connection with a class), similar approaches could be
used if the materials already exist for their encountering of multimedia of the content in a nonredundant format. For these purposes, it would be beneficial if L2 instructional videos were
disseminated with text preceding each video or transcripts of videos, broken up sectionally as
described before, available freely for learners and teachers to use for learning/teaching the
language non-redundantly with multimedia.
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The findings of the present dissertation also further support classroom teachers’ and
learners’ implementation of the CTML (Mayer, 2009). The CTML is already well-established
across various fields of learning, and the present study’s results being in line with its predictions
further supports its broad relevance, including to domains it may be applied in unique ways for.
Teachers and learners would thus do well to implement its recommendations wherever and
however they are reasonable or feasible.
The present study’s findings have specific implications for the real-world benefits of
better L2 instruction. More effective instruction for L2 learners, including using instructional
multimedia most effectively, can promote learning not only of the language itself but of qualities
important for building bridges between groups. Namely, a learner who achieves greater ability in
the target language can also develop a greater general tolerance of the unknown, including
previously unfamiliar cultures (e.g., Thompson & Erdil-Moody, 2014; Thompson & Lee, 2012;
Thompson & Aslan, 2014). More successful L2 learning can also directly involve increasing
cultural competence in cultures of peoples who speak the target language (e.g., Nguyen &
Kellogg, 2010). As multimedia already has demonstrated great capabilities for L2 learning, in
such formats as videos and games (e.g., the present study; Peterson, 2010), an increase in
knowledge of how to create multimedia instructional presentations in line with humans’
cognitive architecture supports all these urgent goals of equity. This application includes in the
particular situation of the United States, where the number of people from Spanish-speaking
backgrounds is only set to further increase (Pew Research Center, 2015). Learners of Spanish as
an L2 could watch videos following the findings of the present study in classes or be assigned
them to watch as homework, or could watch them outside of any formal class assignment.
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Summary of Findings and Implications
The current study aids our understanding of best practices for teaching translation aspects
of Spanish reading and listening skills to English speakers using multimedia, which is of
substantial application in our society that is both highly technologically equipped and facing
problems of cultural divide between largely English-speaking and Spanish-speaking populations.
In America, there is subjugation (intentional or otherwise) of much of the Spanish-speaking
population. In situations where content would be taught with brief captioned videos that could
instead be taught with the written text on a slide preceding, an additional option is now likely
equally supported for learning of translation aspects of Spanish reading and listening skills (and
possibly those of other languages as well). In similar situations, but with the videos being in
paired L2 and native language versions, the text slide-preceding format could have both the
languages’ presented at once, enabling it to have an even greater impact than the captions format.
L2 multimedia in these supported formats can be created and disseminated widely,
magnifying their impacts. More successful Spanish L2 learners can become more egalitarian in
their attitudes towards and cultural competence regarding Spanish-speaking people. If people can
engage with the languages that other people encode, communicate, and create much of their
cultural capital in, then their dehumanization of these groups can decrease and their ability to
take advantage of fruitful cooperative opportunities with these groups can increase. The present
study increases our understanding of how the redundancy principle operates for L2 learning, a
domain which it was previously concluded to not have relevance for. This enables learning
benefits that come with following the CTML, as shown by the non-redundant multimedia with
bilingual text slides in the present study particularly aiding far transfer Spanish translation skills.
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Limitations
There were some limitations to the current study that should be mentioned. There was no
delayed language posttest utilized to investigate durability of learning from the two multimedia
formats. Measures other than translation ones were not utilized, to investigate other aspects of L2
reading and listening skills such as comprehension. This would address the possibility of the
bilingual text slide-utilizing non-redundant multimedia having had a benefit particularly for
translation questions. A modified version of the present study could investigate this with a long
video (e.g., few-minutes) and long text (e.g., few paragraphs) administered after the multimedia
instructional phase, along with questions regarding the plot, dialogue, or other attributes of the
video/text. Means of the main study’s language outcome tests were low (e.g., neither condition’s
composite score mean higher than 40% correct at any timepoint), showing the instructional
material’s difficulty not optimally calibrated for the sample it was delivered to. This was caused
by materials/tests design overcorrection for ceiling effects witnessed in the results of the pilot
study. The main study’s means did not evidence floor effects, however, and therefore statistical
analyses regarding growth and comparisons between groups were unimpeded. In addition,
though the present study has a diverse sample in various regards, whether results generalize
beyond college students in New York City is unknown.
What results a monolingual L2 instructional multimedia comparison (e.g., just-Spanish
non-redundant multimedia compared to just-Spanish redundant multimedia), and necessarily
with non-translation L2 instructional goals, would have are unknown. It would be expected
based on Mayer’s (2009) CTML and past findings in non-L2 domains (e.g., Kalyuga et al., 2004;
Moreno & Mayer, 2000) that in general both conditions would have equal utility. In that
comparison, the non-redundant multimedia would be unable to have a bilingual text slide, and
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the CTML along with the present study’s findings suggest the advantages for the non-redundant
condition were likely due to its having had both language videos’ text displayed simultaneously
before each movie clip pair. This is an L2 multimedia approach which maintains fidelity to the
redundancy principle it was designed to follow. However, if non-redundant multimedia only
betters redundant multimedia when they are compared with both L2 and native language
versions of the instructional multimedia, the situations in which the finding can be applied are
limited. More research would be necessary to elucidate this matter. Comparing redundant and
non-redundant monolingual L2 instructional multimedia, designed to not need English
translations to be effectively learned from, would address this question best. This comparison
would have substantial ecologically validity to situations in which a bilingual slide might not
apply (e.g., heritage language speakers’ learning from/creating their own L2 multimedia, which
in certain situations may have translations to the society’s dominant language not desirable).
Due to procedure alterations from the onset of the COVID-19 pandemic, the listening
tests’ English-to-Spanish questions tapped more of a combination of reading and listening skills
than was intended. Namely, this was caused by the switch from plans to record via microphone
participants’ translated responses, to participants’ typing their responses, in responses to listening
questions. A future replication of the present study with the microphone component restored, or
listening questions being all Spanish-to-English, would elucidate better effects of redundancy on
listening translation skills.
It is possible that favorable results for the non-redundant multimedia were influenced by
more time in that condition’s instructional sequences to practice, compared to the redundant
multimedia. One participant spoke to this experience in their reflection response. Each language
segment in the non-redundant condition had the time of the video clips plus the text slide for
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participants to focus on it, whereas each in the redundant condition had only the time of the
video clips for participants to focus on it. To answer whether this was the case, the study could
be repeated with each redundant video pair having a black screen shown first for a time equal to
the time of the text slide in the corresponding non-redundant video pair. One caveat to such a
follow-up study is that its redundant condition might not reflect how redundant multimedia
would be used in a realistic learning situation. That is, would a typical learner during the extralong black screen presentations be sitting in concentration, actively processing the language
information, or would they distract themselves (e.g., using a smartphone, talking to someone
else)? In addition, even if such a method involving pacing were devised and found to be able to
equal the non-redundant format in fostering language learning outcomes, its necessity would still
speak to a cognitive overload inherent in typical captioned L2 videos. This is exactly what the
redundancy principle indicates, and so the present study’s finding that the principle actually
applies to L2 learning as it does to other domains would still hold, just with more
implementation options demonstrated (e.g., using captioned video with its overload better
managed).
The degree to which the present study’s findings were influenced by the better contrast
for the non-redundant condition’s text being against a fully black background, as opposed to the
redundant condition’s being against a black outline and the video footage, is unknown (see
Figure 3). A future study could investigate this with the non-redundant condition’s text slides
each having a background of a less-contrasting color or a still frame from the video footage. In
addition, whether a non-redundant condition as in the present study but with text of the L2 and
native language translated versions at separate times (thus disabling real-time translation by the
learner) would be equally as effective as the captions condition is unknown. This would be
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expected to be the case, due to the loss of the non-redundant condition’s textual temporal
contiguity leaving it following one of Mayer’s principles but violating another (just as the
redundant condition does) and findings in non-L2 domains (Kalyuga et al., 2004; Moreno &
Mayer, 2000), as described before. However, an empirical experiment would be necessary to
confirm it.
Participants’ preference for multimedia format being split between the two conditions
suggests the present study does not address how multimedia L2 instruction may be made more
palatable (as per calls for more research of affective considerations in multimedia learning
research—Mayer, 2014a). In addition, if the present non-redundant method is used with movie
clips that together tell a coherent story instead of being unrelated, it is not clear if the presence of
across-chapter themes would make video with interspersed text slides seem ‘slow’ in comparison
to video with captions. Initial inspiration for how to succeed with such an approach might be
drawn from early silent movies, in which all verbal content was included on interspersed text
slides. Otherwise, to avoid learners’ cognitive overload, clips that have loose connections rather
than a fully coherent storyline may work well. However, these possibilities would require further
investigation.
Future Directions
Future directions replicating and extending present study’s findings.
Data for the current study were collected entirely remotely and with no live supervision.
While this reflects how many people learn an L2, participants in the present study demonstrated
varying degrees of fidelity of following instructions, either due to accident or performing the
study primarily to receive research credit. Therefore, a follow-up study involving directly
supervised data collection (in which participants perform the procedures with a research
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assistant’s supervision either over Zoom or in a lab, depending on location being remote or inperson) could be illuminating. It would be witnessed whether the same significant effects are
found, and given the assured fidelity of implementation whether power would be adequate to
reveal further effects. These would include possibility of significant results regarding separate
effects for reading and listening tests, greater rates of learning for the non-redundant instruction
(other than for far transfer skills, for which greater learning rate was found), and more granularly
various variables’ moderations of the relationship between redundancy and language outcomes.
The likely learning strategy of text comparison during non-redundant L2 instructional
multimedia could be directly researched. This could be elucidated by including in a replication
study open-ended question(s) regarding various aspects of how the learner attempted to succeed
in learning and performing on the tests. Inclusion of eye-tracking methodology would also be
demonstrative here, such as to see whether learners’ eyes dart back and forth between the L2 and
native language versions of text on a bilingual slide, or how their fixations on words there
compare to their fixations on words as captions in the redundant condition. Across both selfreport and eye-tracking methodologies, as well, it would be illuminating to compare how these
strategies differed or remained the same during the instructional trial before the first assessment
phase and the one(s) after the learner knows what the questions are asking for (given that what
the learner is made aware of/instructed to do in advance of the instructional/assessment phase is
considered).
A follow-up study could investigate the comparison of a subtitles-only redundant
condition (video with L2 audio and concurrent native language text) and a non-redundant
equivalent (native language text slide followed by video with L2 audio). Incorporation of native
language text as subtitles has been indicated as beneficial for L2 vocabulary acquisition
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(Koolstra and Beentjes, 1999) and comprehension (e.g., Markham & Peter, 2003). However,
subtitles have also been indicated to distract from the simultaneous L2 audio in vocabulary
acquisition (Stewart & Pertusa, 2004) and L2 speech perception (Mitterer & McQueen, 2009).
Therefore, it would be interesting and useful to see if a non-redundant equivalent thereof would
foster better learning of various L2 skills.
Further research on what parameters work best for using a redundant or non-redundant
video instructional method to teach L2 listening and reading skills would be productive.
Characteristics of learners, characteristics of videos, and context of the video instruction could
all be investigated further for their effects on redundancy’s relationship with L2 learning. For
example, what degree/types of across-chapter themes in videos are possible without impairment
of the use of small bites in non-redundant L2 multimedia? In addition, videos could be varied in
their overall duration, duration of text display, actors’ level of emotionality, complexity of
phrases contained within, and order of video materials (English and Spanish versions, and for
non-redundant condition the standalone text slide) to determine what characteristics of videos
might lead to maximal outcomes from non-redundant multimedia or for which redundant
multimedia might be more effective. Finally, what findings the present study’s method would
reveal with regard to languages with more opaque orthographies (i.e., greater use of characters
that have less relation to the spoken sound of the language) like French or Chinese would require
further investigation. For Chinese in particular, to the degree that Chinese characters are treated
as pictorial content (Luk & Bialystok, 2005), the approach used by Lee and Kalyuga (2011)
could be adapted, treating Chinese characters as pictorial content and pinyin (Mandarin
pronunciation aids using Latin-based characters) as verbal content.
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Future directions regarding additional multimedia learning principles.
Similar studies to the present one could be performed incorporating video design based
on Mayer’s (2009) multimedia learning principle of signaling. The principle of signaling is that
people learn better when cues which highlight the organization of the essential material are
added. Signaling could be investigated in L2 learning through such a method as highlighting in
the same color written text segments in the native and target languages that have approximately
the same meaning (e.g., “Te tiré la pelota” and “I threw you the ball”). This could also be tested
in conjunction with the ‘key words’ partial-redundancy approaches that have shown equal utility
with ‘full phrases’ redundancy approaches in previous multimedia-based L2 learning studies
(Guillory, 1998; Mohsen & Mahdi, 2021). As the use of a key words-only as written text
approach is by definition incorporating signaling, whether a non-redundant equivalent (key
words on a text slide) would be feasible, and if feasible then whether it would be more
beneficial, is an open question. A potential feasibility issue would be that key words alone on a
text slide would not be indicated as to where in the upcoming spoken sentences they would be
appearing, whereas key words as captions concurrent with their being spoken would be clear in
their written-spoken correspondences. A compromise here would be to have the full written
phrases in both prior-text slide and captions conditions, but signal key words using any of
various formatting techniques (e.g., highlighting, bold, italics).
Another multimedia learning principle of interest, the modality principle (that people
learn better from visuals and narration than visuals and printed words—Mayer, 2009)
unfortunately likely cannot be meaningfully studied in its direct relevance to L2 learning. Liu
(2019) attempted to perform such research, but this was using outcome measures of content
knowledge rather than language. If looking at the language as the content area itself, lessons
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solely teaching reading/writing skills or solely teaching listening/speaking skills are qualitatively
different—measures of each cannot be compared with each other. The best applications of the
core multimedia theory the modality principle represents would be to examine how printed
words and spoken words might be best incorporated in instruction with visuals for promoting L2
skills, as the present study does.
Future directions regarding applications of present study’s findings.
Various applications of the findings of the present study could be researched, testing the
findings under circumstances of immediate practical relevance. Some of these would be
playful/game-based, which would address Mayer’s (2014a) call for research into motivational
aspects of multimedia learning. Both of the conditions of the present study could be compared to
one with redundant text integrated artistically with the video. In an artistic redundant integration,
written text would appear not as uniform captions, but formatted to be part of the visual
presentation more seamlessly. Perhaps the word “sandía” (and for the English version
“watermelon”) could appear on the fruit it describes when it is said. The words “Te tiré” (and for
the English version “I threw [to] you”) could fly across the screen from the speaker’s hand, like
the meaning they indicate. “Me duelen [____]”/“My [____] hurt” could be in a font with jagged
edges, and “rayas”/“stripes” could actually have stripes across the letters. These artistic
integrations could be utilized in full text formats, or key words-only formats (for an example of
an English music video with key words-only written text artistically integrated, see rapper
DMX’s “Who We Be” at https://www.youtube.com/watch?v=sB2_MmtMoIc). Such artistic
integrations would improve upon the cognitive load requirements of paying attention to a scene
and written text at the same time (demonstrated by the present study), as the extraneous
multitasking processing would be decreased and germane mental model-building processing
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would be increased. This would also avoid the no-text-during-corresponding-video temporal
contiguity limitation of non-redundant multimedia. Such research would dovetail with the
signaling principle future direction described previously.
Other practical adaptations, such as the non-redundant and redundant multimedia with
text being integrated into an L2 learning game, with versions of the game compared differing
only in redundancy, would also be fruitful endeavors. These could take forms varying from
roleplaying games with dialogue, to music video-mixing games with a soundboard (choosing
what phrase is said/shown at what time). Would the non-redundant version with bilingual text
slides still be learned from better in such implementations? Would users of one of the versions of
a game progress through faster than those using the other version (accounting for the slightly
longer time for non-redundant multimedia with text to play)? Would users of one of the versions
of the game choose to engage with the instructional multimedia more times? These last questions
would be more generally relevant for self-paced implementations of instructional multimedia,
including non-gamified simulations, such as allowing a learner to play the instructional clips for
an assigned condition as often and as many times as they want. The additional data from user
choice of how to engage with the resource would allow additional insights from a cognitive load
perspective of how to incorporate multimedia best in digitally-performed lessons.
Studies particularly involving heritage language learners’ experiencing redundant or nonredundant multimedia of the heritage language would clarify the theoretical boundaries of the
redundancy principle and its practical relevance to such learners. These studies might adapt the
present study’s intervention comparison for specific needs of heritage language learners, using
largely authentic (though scripted) content of short movie clips focused on communication
(Carreira & Kagan, 2018) and including a literacy component (Montrul, 2016). Translated
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versions of the written text and scenes may or may not be helpful here, given the learners’ degree
of competence in the heritage language and depending on instructional goals of the multimedia
presentations. This should be considered also with the likelihood that not having a bilingual text
slide would leave non-redundant and redundant L2 multimedia with equal utility. Studies could
also involve heritage language learners’ creation and sharing of digital stories (as described in
Vinogradova, 2014), but in redundant or non-redundant modes, with data collected and analyzed
using linear, nonlinear, and qualitative research methods. As such, the complex dynamics of
infusion of the redundancy principle into heritage language learners’ hands-on activities of great
personal and communicative importance for them would be evidenced.
Conclusions
In the current dissertation I found that non-redundant L2 video instruction could foster a
composite score of reading and listening translation skills to a degree surpassing redundant video
instruction. This was found as well with the far transfer subscore of the reading and listening
translation questions. As such, non-redundant multimedia such as that employed in the present
dissertation might be considered the best option for teaching translation aspects of L2 reading
and listening skills when possible. The present study’s found advantage for non-redundant L2
instructional multimedia is likely specific to multimedia that contains both languages, allowing
the non-redundant multimedia to include facilitative bilingual text slides. Individual differences
in Gf and shifting EF were not found to moderate relationships between redundancy of video
instruction and learning outcomes. Gf and shifting EF were each found to predict greater
learning from the video instruction, regardless of condition. Updating EF’s role in L2 learning
from redundant and non-redundant multimedia could not be investigated due to a data collection
computer error.
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Unlike for other domains, non-redundant multimedia for L2 learning must include written
text (e.g., as a text slide preceding each visuals/audio segment, as in the present study) to be at
least equally effective to redundant multimedia. Non-redundant multimedia adhering to this
method is optimally designed (a) in very brief videos, each teaching only a phrase or two, and (b)
lacking globally connecting themes between videos that would be obfuscated by text slides
interrupting the action. The present study fleshes out degree and manner of extension of the
redundancy principle of multimedia learning to translation aspects of L2 reading and listening
skills, accounting for the unique goals in an L2 of learning both written and aural modalities.
These theoretical extensions have implications for the real-world learning of L2 learners,
supporting a more equitable society.
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Appendix A. Culture Fair Intelligence Test (Scale 3) Format with Examples

Adapted from Cattell and Cattell (1963)—Test of “g”: Culture Fair (Scale 3, Form A).
Each question which participants could answer (as indicated in test instructions below) was
followed in the digital format with bubble options for each of the options indicated. One answer
only was allowed in the first test while multiple answers were allowed in the second (with the
sought number of answers being two per question, as indicated below).
Subset 1 (“Series”)
[Page 1]
You are now going to perform the first of a few cognitive tasks.
You will have the examples on this page to practice the task. For example, for the following
question:

The correct answer is C.
Now, try the following examples for yourself:
[answerable example question 1]
[answerable example question 2]
[Page 2]
For the following question you answered:
[answerable example question 1]
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The correct answer was [letter of correct answer].
For the following question you answered:
[answerable example question 2]
The correct answer was [letter of correct answer].
On the next page are the real questions. Please answer them to the best of your ability.
[Page 3]

[after question 1 above, questions 2-12, ending with question 13 below; progressive increase in
difficulty across questions]
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Subset 2 (“Classifications”)
[Page 1]
In this task, please select the TWO figures which are different from the three others in some way.
You will have the examples on this page to practice the task. For example, for the following
question:

The correct answer is B and D. (Note: You must choose both the figures that are different; so, for
this question, only B or only D is wrong—you would have to choose both B and D).
Now, try the following example for yourself:
[answerable example question]
[Page 2]
For the following question you answered:
[answerable example question]
The correct answer was [two letters of correct answer]. (If you chose only [first letter of correct
answer] or only [second letter of correct answer] you were incorrect—you had to choose both
[two letters of correct answer]).
On the next page are the real questions. Please answer them to the best of your ability.

[Page 3]
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[after question 1 above, questions 2-13, ending with question 14 below; progressive increase in
difficulty across questions]
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Appendix B. Sets of Language Segments for Instruction and Assessment
Items with components listed as ‘1’ and ‘2’ have dialogue between two speakers. Which
bilingual speaking actor performed each line in its instructional video is indicated as speaker A
(woman of Peruvian background) or speaker B (man of Ecuadorian background).
Set 1
Phrases Taught (and for Assessment of Rote Learning)
Spanish Phrase(s)
English Translation
¡Ay, la luz! Me duelen los ojos.
Cuando haces magia me mareo.
Demasiada luz me hace entrecerrar
los ojos.
El ladrón está saqueando mi
billetera.
¡El ruido hace taparme los oídos!
Giro y luego me mareo.
Hay demasiada maleza. No iré más
lejos.
Hiervo agua y luego pongo una
bolsita de té para hacer té.
(1) Mi amigo está cansado de hacer
abdominales.
(2) Dile que deje de hacer
abdominales.
Olvidé dónde está mi billetera.
¡Para, ladrón! ¡Suelta mi billetera
ahora mismo!
¡Para el ruido! Me duelen los oídos.
¡Ya no hagas magia!

Ouch, the light! My eyes hurt.
When you do magic I get dizzy.
Too much light makes me squint
my eyes.
The thief is looting my wallet.

Instructional
Speaking Actor
Speaker A
Speaker B
Speaker B
Speaker A

The noise makes me cover my ears!
I spin and then I get dizzy.
There is too much undergrowth. I
will not go further.
I boil water, and then I put in a tea
bag to make tea.
(1) My friend is tired of doing situps.
(2) Tell him to stop doing sit-ups.

Speaker A
Speaker A
Speaker A

I forgot where my wallet is.
Stop, thief! Let go of my wallet
right now!
Stop the noise! My ears hurt.
Don't do any more magic!

Speaker A
Speaker B

Speaker A
(1) Speaker A
(2) Speaker B

Speaker B
Speaker A

Selected Words Discretely Learnable from Phrases (for Assessment of Near Transfer Learning)
- [Word(s) in Spanish (Word(s) in English)]
- Demasiada (Too much)
- El ladrón (The thief)
- Giro (I spin)
- Hace taparme (Makes me cover my)
- Maleza (Undergrowth)
- Me mareo (I get dizzy)
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Novel Phrases Composed of Words Discretely Learnable (for Assessment of Far Transfer
Learning)
- [Phrase in Spanish (Phrase in English)]
- Cuando hay demasiada luz me mareo. (When there’s too much light I get dizzy.)
- El ladrón hace taparme los ojos. (The thief makes me cover my eyes.)
- Giro mi billetera. (I spin my wallet.)
- La luz hace taparme los ojos. (The light makes me cover my eyes.)
- Me mareo, y luego me duelen los oídos. (I get dizzy, and then my ears hurt.)
- ¡Para, me duelen los ojos! (Stop, my eyes hurt!)
Set 2
Phrases Taught (and for Assessment of Rote Learning)
Spanish Phrase(s)
English Translation
Apago el fósforo porque ya no lo
necesito.
Apago la vela y se oscurece.
Aunque no soy débil, no puedo
cortar esta piedra.
Caminando por la cuadra, veo
árboles y césped.
Enciendo el fósforo para encender
la vela.
Es mejor cortar la sandía antes de
comerla.
Le tiré la sandía.
Mi animal de peluche se aferra a un
corazón.
Nuestra lucha está más allá de tu
comprensión.
Nuestra sandía tiene rayas.
Riego el césped para que crezca.
(1) ¿Te gustaría un animal de
peluche o una piedra?
(2) Ni un animal de peluche ni una
piedra es lo que quiero.
Te tiré la pelota.

I put out the match because I don't
need it anymore.
I put out the candle and it gets dark.
Although I am not weak, I am not
able to cut this stone.
Walking around the block, I see
trees and grass.
I light the match to light the candle.
It is better to cut the watermelon
before eating it.
I threw him the watermelon.
My stuffed animal holds onto a
heart.
Our struggle is beyond your
comprehension.
Our watermelon has stripes.
I water the grass so that it will
grow.
(1) Would you like a stuffed animal
or a stone?
(2) Neither a stuffed animal nor a
stone is what I want.
I threw you the ball.

Instructional
Speaking Actor
Speaker B
Speaker A
Speaker A
Speaker B
Speaker B
Speaker B
Speaker A
Speaker A
Speaker B
Speaker B
Speaker A
(1) Speaker B
(2) Speaker A
Speaker A
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Selected Words Discretely Learnable from Phrases (for Assessment of Near Transfer Learning)
- [Word(s) in Spanish (Word(s) in English)]
- El césped (The grass)
- Cortar (To cut)
- Nuestra (Our)
- Pelota (ball)
- Riego (I water)
- Se aferra a (Holds onto)
Novel Phrases Composed of Words Discretely Learnable (for Assessment of Far Transfer
Learning)
- [Phrase in Spanish (Phrase in English)]
- Apago la vela. (I put out the candle.)
- Enciendo la vela. (I light the candle.)
- Le tiré mi animal de peluche. (I threw him my stuffed animal.)
- No puedo cortar la vela. (I am not able to cut the candle.)
- Te tiré la sandía. (I threw you the watermelon.)
- Tiré nuestra vela. (I threw our candle.)
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Appendix C. Sample Test of Spanish Learning
[Note: For both reading and listening tests, the questions would involve translation typed by the
participant. Also, information given here to clarify the nature of the test, not shown to
participant, is displayed in brackets and italics. This sample test reflects Set 2 tests (see
Appendices B and D).]
Instructions:
Now, you will be asked to translate various expressions. Sometimes you will be asked to
translate exact sentences you watched. Other times you will be asked to translate words or
sentences you may be able to understand based on sentences you watched.
When writing Spanish, do not worry about writing symbols that do not occur in English (upside
down punctuation, accent marks). Just use regular English symbols and letters. Also, if you don't
know a full answer, write as much as you know.
In addition, remember do NOT use Google Translate or any other translation services.
Doing this will ruin the study. Just do your best based on the videos you watched; you will
receive credit at the end of the study REGARDLESS of your test scores.
[In reading tests only:] Please translate the Spanish phrases and words below into English, to the
best of your ability.
[In listening tests only:] Please translate the Spanish phrases and words in the audio below into
English, to the best of your ability. Press "Play" for each to hear the phrase to be translated.
-

Apago la vela y se oscurece.
[Spanish-to-English translation of whole taught phrase]

-

riego
[Spanish-to-English translation of discrete language unit]

-

Te tiré la sandía.
[Spanish-to-English translation of novel sentence(s) made of discrete units]

[In reading tests only:] Please translate the English phrases and words below into Spanish, to the
best of your ability.
[In listening tests only:] Please translate the English phrases and words in the audio below into
Spanish, to the best of your ability. Press "Play" for each to hear the phrase to be translated.
-

Although I am not weak, I am not able to cut this stone.
[English-to-Spanish translation of whole taught phrase]
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-

holds onto
[English-to-Spanish translation of discrete language unit]

-

I light the candle.
[English-to-Spanish translation of novel sentence(s) made of discrete units]
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Appendix D. Language Content of Tests
Question type of each item is indicated as rote (R.), near transfer (N.T.), or far transfer (F.T.).
Whose voice was used on each listening item is indicated as Speaker A (woman of Peruvian
background) or Speaker B (man of Ecuadorian background). Participants did not see these
indications of item characteristics when taking the tests.
Set 1 (First Test)
Reading Items
Spanish-to-English translations
- [R.:] Cuando haces magia me mareo.
- [N.T.:] el ladrón
- [F.T.:] Me mareo, y luego me duelen los oídos.
English-to-Spanish translations
- [R.:] Ouch, the light! My eyes hurt.
- [N.T.:] undergrowth
- [F.T.:] When there’s too much light I get dizzy.
Listening Items
Spanish-to-English translations
- [R., Speaker A:] ¡Ya no hagas magia!
- [N.T., Speaker B:] giro
- [F.T., Speaker B:] ¡Para, me duelen los ojos!
English-to-Spanish translations
- [R., Speaker B:] I boil water, and then I put in a tea bag to make tea.
- [N.T., Speaker B:] too much
- [F.T., Speaker A:] The light makes me cover my eyes.
Set 1 (Second Test)
Reading Items
Spanish-to-English translations
- [R.:] Demasiada luz me hace entrecerrar los ojos.
- [N.T.:] me mareo
- [F.T.:] Giro mi billetera.
English-to-Spanish translations
- [R.:] I spin and then I get dizzy.
- [N.T.:] I spin
- [F.T.:] Stop, my eyes hurt!
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Listening Items
Spanish-to-English translations
- [R., Speaker B:] ¡Para el ruido! Me duelen los oídos.
- [N.T., Speaker A:] hace taparme
- [F.T., Speaker A:] El ladrón hace taparme los ojos.
English-to-Spanish translations
- [R., Speaker A:] I forgot where my wallet is.
- [N.T., Speaker A:] the thief
- [F.T., Speaker A:] I get dizzy, and then my ears hurt.
Set 1 (Third Test)
Reading Items
Spanish-to-English translations
- [R.:] ¡El ruido hace taparme los oídos!
- [N.T.:] demasiada
- [F.T.:] La luz hace taparme los ojos.
English-to-Spanish translations
- [R.:] Stop, thief! Let go of my wallet right now!
- [N.T.:] makes me cover my
- [F.T.:] The thief makes me cover my eyes.
Listening Items
Spanish-to-English translations
- [R., Speaker B:] Hay demasiada maleza. No iré más lejos.
- [N.T., Speaker A:] maleza
- [F.T.:] Cuando hay demasiada luz me mareo.
English-to-Spanish translations
- [R., Speaker A:] The thief is looting my wallet.
- [N.T., Speaker B:] I get dizzy
- [F.T., Speaker B:] I spin my wallet.
Set 2 (First Test)
Reading Items
Spanish-to-English translations
- [R.:] Apago el fósforo porque ya no lo necesito.
- [N.T.:] pelota
- [F.T.:] Te tiré la sandía.
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English-to-Spanish translations
- [R.:] My stuffed animal holds onto a heart.
- [N.T.:] holds onto
- [F.T.:] I put out the candle.
Listening Items
Spanish-to-English translations
- [R., Speaker A:] Te tiré la pelota.
- [N.T., Speaker B:] cortar
- [F.T., Speaker B:] Tiré nuestra vela.
English-to-Spanish translations
- [R., Speaker B:] I put out the candle and it gets dark.
- [N.T., Speaker A:] I water
- [F.T., Speaker B:] I threw him my stuffed animal.
Set 2 (Second Test)
Reading Items
Spanish-to-English translations
- [R.:] Riego el césped para que crezca.
- [N.T.:] riego
- [F.T.:] No puedo cortar la vela.
English-to-Spanish translations
- [R.:] I light the match to light the candle.
- [N.T.:] our
- [F.T.:] I light the candle.
Listening Items
Spanish-to-English translations
- [R., Speaker A:] Nuestra sandía tiene rayas.
- [N.T., Speaker A:] se aferra a
- [F.T., Speaker A:] Apago la vela.
English-to-Spanish translations
- [R., Speaker A:] Walking around the block, I see trees and grass.
- [N.T., Speaker A:] the grass
- [F.T., Speaker A:] I threw you the watermelon.
Set 2 (Third Test)
Reading Items
Spanish-to-English translations
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-

[R.:] Le tiré la sandía.
[N.T.:] el césped
[F.T.:] Le tiré mi animal de peluche.

English-to-Spanish translations
- [R.:] It is better to cut the watermelon before eating it.
- [N.T.:] to cut
- [F.T.:] I threw our candle.
Listening Items
Spanish-to-English translations
- [R., Speaker B:] Nuestra lucha está más allá de tu comprensión.
- [N.T., Speaker B:] nuestra
- [F.T., Speaker A:] Enciendo la vela.
English-to-Spanish translations
- [R., Speaker B:] Although I am not weak, I am not able to cut this stone.
- [N.T., Speaker B:] ball
- [F.T., Speaker B:] I am not able to cut the candle.
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Appendix E. Background Questionnaire
(Note: You must use ONLY Firefox or Chrome browser. Other browsers like Safari may have
problems. If you are not using Firefox or Chrome you must close this window, log in to SONA
again on Firefox or Chrome, and start the study over.)
First, please answer a series of background questions here.
1. What is your age? _________
2. What is your sex/gender? ○ Male; ○ Female; ○ Other
3. What is your education level (year in school)? ○ Freshman; ○ Sophomore; ○ Junior; ○ Senior;
○ Other
4. What is your major? ________________
5. What is/are your native languages? ________________________________
6. What is/are your languages spoken at home? ________________________________
7. Have you lived outside of the US? ○ Yes; ○ No
[If yes, 8.] What language(s) did you speak while abroad? _________________________
9. What languages did you study in K-12 school, and how long did you study each one?
_______________________
_______________________
10. What languages did you study in college, and how long did you study each one?
_______________________
_______________________
11. What languages did you study outside of K-12 school or college, and how long did you study
each one?
_______________________
_______________________
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12. On a scale from 1 (very poor) to 6 (excellent), how do you rate your reading, writing, listening,
and speaking abilities in English?

Reading
Writing
Listening
Speaking

1 (Very
Poor)
○
○
○
○

2

3

4

5

○
○
○
○

○
○
○
○

○
○
○
○

○
○
○
○

6
(Excellent)
○
○
○
○

On a scale from 1 (very poor) to 6 (excellent), how do you rate your reading, writing, listening,
and speaking abilities in each of the other languages that you know? This may include your
native language, if other than English. If you have more than two other languages, rate the
languages you know best.
13. Indicate Other Language: _______________

Reading
Writing
Listening
Speaking

1 (Very
Poor)
○
○
○
○

2

3

4

5

○
○
○
○

○
○
○
○

○
○
○
○

○
○
○
○

6
(Excellent)
○
○
○
○

14. Indicate Other Language: _______________

Reading
Writing
Listening
Speaking

1 (Very
Poor)
○
○
○
○

2

3

4

5

○
○
○
○

○
○
○
○

○
○
○
○

○
○
○
○

6
(Excellent)
○
○
○
○

15. On a scale from 1 (very poor) to 6 (excellent), rate your musical ability. __________
16. Race/Ethnicity (check as many as applicable)
⎕ White/Caucasian

⎕ Black/African-American/Caribbean

⎕ Hispanic/Latino/a
⎕ East Asian
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⎕ South Asian

⎕ Middle Eastern

⎕ Indigenous/Native American

⎕ Other: ____________________

17. Please indicate how strongly you agree/disagree with the following statements.
Strongly
agree

Agree

Slightly
agree

Slightly
disagree

Disagree

Strongly
disagree

○

Neither
agree
nor
disagree
○

I am sure that I
can learn all the
material for the
Spanish tests.

○

○

○

○

○

I am sure that I
will obtain a
high score on
the Spanish
tests.

○

○

○

○

○

○

○

I am sure that I
can motivate
myself to study
the material for
the Spanish
tests.

○

○

○

○

○

○

○
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Appendix F. Instructional Introduction
[Page 1: Introduction to Instructional/Assessment Phase]
Now, you will watch a series of videos. Each video has the same scene presented in both Spanish
and English versions, including text of what is said. Please try to learn which Spanish and
English expressions mean the same thing, both in spoken and text forms. After watching all the
videos one time you will be tested on your knowledge gained.
Afterwards, you will go through a similar procedure, with a different series of videos.
Similar procedures with both of these video series will occur a number of times. Note that this is
normal, and does not indicate that there is anything wrong with the study system.
[Page 2: Translation Warning with Pledge Question]
Please do NOT use outside resources (like Google Translate or other translation websites)
to answer questions. Using these translation tools will RUIN the study. It is important your
responses are ONLY based on the videos you watch here. It does not matter how well you
do on the tests; you will get research credit at the end no matter what.
Do you pledge to not use translation services or other outside resources during the study? Again,
your performance on the tests will NOT affect whether you receive credit, so there is NO
REASON for you to use translation services.
o I pledge to do the best I can just by watching the videos. I understand that my
performance on the tests will NOT affect my receiving research credit at the end, so there
is no reason for me use translation services. As such, I will not use translation services.
o I do not make the above pledge.
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Appendix G. Fidelity of Implementation Questions
1. Did you experience any technical problems with this study?
○ Definitely yes
○ Probably yes
○ Might or might not
○ Probably not
○ Definitely not
2. If so, where did you have technical problems and what went wrong?
3. Did you use "Google Translate" or any other translation services while performing the
study? Your answer to this question will not affect whether you get credit. You will get
credit either way.
4. How consistently did you pay attention to the language videos in this study? Your answer
to this question will not affect whether you get credit. You will get credit no matter
which answer you choose.
○ I always paid attention.
○ I mostly paid attention.
○ I somewhat paid attention.
○ I rarely paid attention.
○ I never paid attention.
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Appendix H. Missing Outcome Data Details
Absent Spanish testing data for participants was a consequence of both attrition (i.e., participant
terminated the study procedure before all portions were completed) and my removal of
completed testing iterations (i.e., I found participant’s testing iteration to include unusual
untaught Spanish translations, or it contained all blank/filler responses). Tables included below
demonstrate both the number of testing iterations retained or removed at each timepoint of each
set, and the number of participants who had each number of testing iterations retained.
Testing iterations retained or removed across both Spanish language sets among participants
Set 1

Testing Iterations Retained

Set 2

Time 1

Time 2

Time 3

Time 1

Time 2

Time 3

86

72

63

69

66

67

2

2

16

9

0

3

7

2

2

6

77

72

87

77

73

Testing Iterations Removed 6
Due to Unusual Untaught
Spanish
Testing Iterations Removed 0
Due to All Blank/Filler
Responses
Total Testing Iterations
92
(Both Retained and
Removed)

Number of participants who had retained each possible quantity of testing iterations (maximum
6)
Number of Testing Iterations Retained

Number of
Participants

6 Testing
Iterations
Retained
44

5 Testing
Iterations
Retained
13

4 Testing
Iterations
Retained
13

3 Testing
Iterations
Retained
5

2 Testing
Iterations
Retained
2

1 Testing
Iteration
Retained
23

Note: Above counts only reflect all the participants who were included in the final sample (n =
100), with 423 testing iterations retained across the repeated measures of the counterbalanced
within-subjects study design. It does not include 54 participants who had unusual untaught

147
Spanish found in at least half of their completed Spanish testing iterations, and thus were not
retained in the final sample.
Attrition could be witnessed in the decrease of total testing iterations across timepoints of each
set (noting that the sets were encountered in interleaved orders, such that the timepoint 1’s of
both came first and the timepoint 3’s of both came last). This attrition occurred particularly after
the experience of the first timepoint of either set, as shown by the large 23 count of participants
with only one testing iteration retained. Testing iterations with all blank/filler responses also
demonstrated a form of attrition, as seen by the increase in their prevalence necessitating
removal towards the later timepoints.
Testing iterations were removed due to including unusual untaught Spanish (indicating either use
of translation services such as Google Translate or excessive prior knowledge). Though this
caused participants to have more missing data, it allowed the dataset to reflect with more fidelity
the intended study procedure (i.e., participants performing the language tests based on their
learning from the instructional videos watched).
A systematic approach was used to detect unusual untaught Spanish. Each translation question’s
responses were scanned for whether a particular answer substantially different from the taught
translation was commonly appearing. When this occurred, I entered the prompt into Google
Translate, to see if the same untaught translation appeared (e.g., “riego”, taught as “I water”,
shows on Google Translate alternate meaning “irrigation”). If the untaught translation appeared
on Google Translate, I marked all responses including it. I removed all participants’ testing
iterations which had at least one marked response. Detection of unusual untaught Spanish was
more feasible for some language tests than others, depending on whether they included questions
for which Google Translate would give similar translations to the ones in the videos or
substantially different ones.
The use of the statistical technique of multilevel modeling in all inferential analyses allowed for
missing data to not be a problem, as multilevel modeling can handle repeated measures data with
missing timepoints flexibly. In addition, the counterbalanced within-subjects study design
allowed for both sets to be displayed in different conditions for different participants, allowing
for any differences in missing data between the sets to not impact comparison of the conditions.
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Appendix I. Main ‘Subscores’ Multilevel Models—All Parameter Estimates
Contained here are all parameter estimates from main multilevel models with dependent
variables of Spanish subscores measured. These models were used to achieve more nuanced
findings beyond those shown in Table 9 regarding the primary research question. The dependent
variable in each model here was Spanish rote, near transfer, far transfer, Spanish-to-English, or
English-to-Spanish subscore (dependent variable in parentheses).
The models for each dependent variable are shown in a version with interaction of condition and
time as the predictor and a version with a condition main effect as the predictor.
[Models are displayed starting next page]
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‘N.R. Cond.×Time’
Model (Spanish
Rote Subscore)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
N.R. Cond.×Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.06
0.06
-0.01

0.16
0.14
0.05

215.48
341.22
329.27

6.77
0.41
-0.24

< .001
.684
.809

0.27

0.10

100.18

2.64

.010

-0.01
0.00

0.05
0.06

339.57
334.56

-0.24
0.01

.808
.992

Variance
Component
0.27
0.66

‘N.R. Cond.’
Model (Spanish
Rote Subscore)

0.02

Wald Z
Value
12.65

< .001

0.11

6.12

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.06
0.06
-0.01

0.14
0.05
0.05

168.11
330.58
330.14

7.32
1.08
-0.24

< .001
.279
.808

0.27

0.10

100.21

2.64

.010

-0.01

0.03

336.33

-0.33

.741

Variance
Component
0.27
0.66

0.02

Wald Z
Value
12.67

< .001

0.11

6.12

< .001

SE

p Value
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‘N.R. Cond.×Time’
Model (Spanish
Near Transfer
Subscore)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
N.R. Cond.×Time
Random Effect
Level 1
Residual
Level 2
Subject

‘N.R. Cond.’
Model (Spanish
Near Transfer
Subscore)

Coefficient

SE

df

t Value

p Value

0.43
-0.15
0.08

0.19
0.19
0.07

276.01
346.54
331.48

2.32
-0.80
1.06

.021
.424
.292

0.29

0.11

97.54

2.56

.012

0.27
0.12

0.06
0.09

345.28
337.92

4.28
1.38

< .001
.169

Variance
Component
0.51
0.70

0.04

Wald Z
Value
12.63

< .001

0.13

5.57

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.32
0.09
0.07

0.17
0.07
0.07

208.96
332.49
332.13

1.91
1.21
1.00

.058
.226
.319

0.29

0.11

97.34

2.55

.012

0.33

0.04

341.31

7.33

< .001

Variance
Component
0.52
0.70

0.04

Wald Z
Value
12.64

< .001

0.13

5.56

< .001

SE

p Value
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‘N.R. Cond.×Time’
Model (Spanish
Far Transfer
Subscore)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
N.R. Cond.×Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.77
-0.18
0.04

0.16
0.14
0.06

214.84
339.75
327.45

4.77
-1.22
0.73

< .001
.225
.468

0.32

0.11

98.04

3.04

.003

0.11
0.15

0.05
0.07

338.06
332.89

2.38
2.30

.018
.022

Variance
Component
0.30
0.70

‘N.R. Cond.’
Model (Spanish
Far Transfer
Subscore)

0.02

Wald Z
Value
12.61

< .001

0.12

6.03

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.63
0.13
0.04

0.15
0.06
0.06

167.24
328.54
328.09

4.20
2.34
0.63

< .001
.020
.532

0.32

0.11

97.71

3.02

.003

0.19

0.03

334.58

5.56

< .001

Variance
Component
0.30
0.70

0.02

Wald Z
Value
12.62

< .001

0.12

6.01

< .001

SE

p Value
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‘N.R. Cond.×Time’
Model (Spanish-toEnglish Subscore)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
N.R. Cond.×Time
Random Effect
Level 1
Residual
Level 2
Subject
‘N.R. Cond.’
Model (Spanish-toEnglish Subscore)

Coefficient

SE

df

t Value

p Value

1.41
-0.18
0.09

0.24
0.22
0.09

237.94
343.11
329.76

5.95
-0.82
0.99

< .001
.413
.325

0.35

0.15

98.86

2.33

.022

0.18
0.13

0.07
0.10

341.53
335.60

2.42
1.21

.016
.227

Variance
Component
0.71
1.36

0.06

Wald Z
Value
12.63

< .001

0.23

5.90

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.30
0.07
0.08

0.22
0.09
0.09

182.55
330.97
330.54

5.97
0.77
0.94

< .001
.443
.350

0.35

0.15

98.77

2.32

.022

0.24

0.05

337.92

4.57

< .001

Variance
Component
0.72
1.36

0.06

Wald Z
Value
12.65

< .001

0.23

5.90

< .001

SE

p Value
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‘N.R. Cond.×Time’
Model (English-toSpanish Subscore)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
N.R. Cond.×Time
Random Effect
Level 1
Residual
Level 2
Subject
‘N.R. Cond.’
Model (English-toSpanish Subscore)

Coefficient

SE

df

t Value

p Value

0.85
-0.08
0.02

0.25
0.22
0.08

203.21
338.67
327.20

3.36
-0.38
0.22

.001
.705
.824

0.54

0.17

98.71

3.16

.002

0.19
0.15

0.07
0.10

336.99
332.31

2.70
1.47

.007
.143

Variance
Component
0.67
1.79

0.05

Wald Z
Value
12.62

< .001

0.29

6.15

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.71
0.21
0.01

0.23
0.08
0.08

159.87
328.41
327.96

3.03
2.54
0.16

.003
.012
.873

0.54

0.17

98.56

3.15

.002

0.27

0.05

333.79

5.23

< .001

Variance
Component
0.67
1.79

0.05

Wald Z
Value
12.64

< .001

0.29

6.14

< .001

SE

p Value
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Appendix J. Main ‘Gf’ and ‘Shifting EF’ Multilevel Models—All Parameter Estimates
Contained here are all parameter estimates from main multilevel models including Gf (measured
with the CFIT, scored with partial completions either dropped or included via proration as
described in the Results chapter) or shifting EF (measured with the DCCS). The dependent
variable in each model was Spanish reading test score, listening test score, or composite score
(dependent variable in parentheses capitalized).
The first nine models are ‘Gf (no partials)’ models, followed by nine ‘Gf (with partials)’ models
and finally nine ‘Shifting EF’ models. Within each set of nine models, the dependent variable for
the first three are Spanish reading test score, for the second three are Spanish listening test score,
and for the last three are Spanish composite score. Within each subset of three models, the first
model’s predictor was its individual difference measurement interacting with condition and time,
the second model’s two predictors were the individual difference measurement interacting with
condition and as a main effect, and the third model’s predictor was the individual difference
measurement interacting with time.
‘Gf (no partials)×
N.R. Cond.×Time’
Model (Spanish
Reading Test
Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (no partials)
N.R. Cond.×Time
Gf (no partials)×
N.R. Cond.
Gf (no partials)×
Time
Gf (no partials)×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.48
-0.35
0.02

0.82
0.86
0.10

174.55
263.64
262.63

1.81
-0.40
0.21

.072
.689
.835

0.44

0.22

57.96

1.98

.053

-0.19
-0.02
0.37
0.04

0.27
0.06
0.39
0.06

263.39
180.47
263.35
263.20

-0.71
-0.29
0.94
0.55

.479
.772
.348
.585

0.04

0.02

262.75

1.90

.059

-0.02

0.03

262.93

-0.81

.420

Variance
Component
0.73
1.72

0.06

Wald Z
Value
11.44

< .001

0.35

4.96

< .001

SE

p Value
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‘Gf (no partials)×
N.R. Cond.’ Model
(Spanish Reading
Test Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (no partials)
Gf (no partials)×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Gf (no partials)×
Time’ Model
(Spanish Reading
Test Score)

Coefficient

SE

df

t Value

p Value

0.44
0.37
0.02

0.63
0.31
0.10

70.67
265.53
265.62

0.71
1.19
0.19

.482
.237
.852

0.44

0.22

57.97

1.97

.053

0.33
0.06
-0.01

0.06
0.04
0.02

266.45
65.29
265.31

5.58
1.31
-0.45

< .001
.193
.657

Variance
Component
0.74
1.73

0.06

Wald Z
Value
11.50

< .001

0.35

4.96

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Gf (no partials)
Gf (no partials)×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.30
0.44

0.72
0.22

115.72
57.94

1.81
1.96

.073
.054

0.00
0.00
0.03

0.20
0.05
0.01

269.04
119.78
268.32

0.00
0.03
1.76

.997
.979
.079

Variance
Component
0.74
1.73

0.06

Wald Z
Value
11.55

< .001

0.35

4.96

< .001

SE

p Value
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‘Gf (no partials)×
N.R. Cond.×Time’
Model (Spanish
Listening Test
Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (no partials)
N.R. Cond.×Time
Gf (no partials)×
N.R. Cond.
Gf (no partials)×
Time
Gf (no partials)×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.40
0.46
0.08

0.69
0.67
0.07

144.98
263.27
262.52

0.57
0.69
1.04

.567
.488
.301

0.42

0.20

58.02

2.10

.040

-0.02
0.00
-0.26
-0.03

0.21
0.05
0.30
0.05

263.09
149.63
263.05
262.94

-0.10
0.09
-0.84
-0.55

.920
.932
.401
.583

0.02

0.02

262.61

1.57

.118

0.02

0.02

262.74

0.90

.371

Variance
Component
0.44
1.41

0.04

Wald Z
Value
11.44

< .001

0.28

5.07

< .001

SE

p Value
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‘Gf (no partials)×
N.R. Cond.’ Model
(Spanish Listening
Test Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (no partials)
Gf (no partials)×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Gf (no partials)×
Time’ Model
(Spanish Listening
Test Score)

Coefficient

SE

df

t Value

p Value

-0.23
-0.11
0.08

0.56
0.24
0.08

67.62
265.46
265.53

-0.42
-0.45
1.05

.679
.654
.294

0.42

0.20

58.03

2.08

.042

0.29
0.05
0.02

0.05
0.04
0.02

266.17
63.57
265.29

6.36
1.34
0.98

< .001
.186
.328

Variance
Component
0.45
1.41

0.04

Wald Z
Value
11.51

< .001

0.28

5.07

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Gf (no partials)
Gf (no partials)×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.65
0.42

0.62
0.20

100.07
58.03

1.06
2.09

.294
.041

-0.15
-0.01
0.03

0.15
0.05
0.01

268.60
102.99
268.06

-0.96
-0.19
3.04

.337
.852
.003

Variance
Component
0.44
1.42

0.04

Wald Z
Value
11.55

< .001

0.28

5.07

< .001

SE

p Value
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‘Gf (no partials)×
N.R. Cond.×Time’
Model (Spanish
Composite Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (no partials)
N.R. Cond.×Time
Gf (no partials)×
N.R. Cond.
Gf (no partials)×
Time
Gf (no partials)×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.87
0.12
0.10

1.36
1.24
0.14

128.21
263.03
262.41

1.37
0.10
0.70

.172
.923
.482

0.86

0.41

58.01

2.10

.040

-0.21
-0.01
0.11
0.01

0.39
0.10
0.56
0.09

262.88
132.03
262.85
262.76

-0.53
-0.11
0.20
0.08

.593
.909
.845
.939

0.06

0.03

262.49

2.14

.033

0.00

0.04

262.60

-0.07

.945

Variance
Component
1.51
6.01

0.13

Wald Z
Value
11.44

< .001

1.17

5.13

< .001

SE

p Value

159
‘Gf (no partials)×
N.R. Cond.’ Model
(Spanish
Composite Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (no partials)
Gf (no partials)×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Gf (no partials)×
Time’ Model
(Spanish
Composite Score)

Coefficient

SE

df

t Value

p Value

0.22
0.26
0.10

1.14
0.45
0.14

65.73
265.36
265.42

0.20
0.57
0.70

.845
.572
.486

0.86

0.41

58.01

2.09

.041

0.62
0.11
0.01

0.09
0.08
0.03

265.94
62.48
265.22

7.27
1.38
0.22

< .001
.173
.824

Variance
Component
1.54
6.03

0.13

Wald Z
Value
11.51

< .001

1.18

5.13

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Gf (no partials)
Gf (no partials)×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.95
0.86

1.24
0.41

92.02
58.01

1.57
2.09

.120
.041

-0.14
-0.01
0.06

0.28
0.09
0.02

268.30
94.36
267.85

-0.50
-0.06
2.84

.617
.949
.005

Variance
Component
1.51
6.05

0.13

Wald Z
Value
11.55

< .001

1.18

5.13

< .001

SE

p Value
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‘Gf (with partials)×
N.R. Cond.×Time’
Model (Spanish
Reading Test
Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (with partials)
N.R. Cond.×Time
Gf (with partials)×
N.R. Cond.
Gf (with partials)×
Time
Gf (with partials)×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.87
-0.38
0.03

0.71
0.78
0.10

202.65
291.03
289.92

2.64
-0.49
0.32

.009
.624
.746

0.41

0.20

64.66

2.03

.046

-0.49
-0.04
0.35
0.03

0.24
0.05
0.35
0.06

292.03
213.26
290.94
290.50

-2.01
-0.73
0.98
0.50

.045
.464
.329
.618

0.06

0.02

291.06

3.06

.002

-0.02

0.03

290.37

-0.70

.482

Variance
Component
0.77
1.61

0.06

Wald Z
Value
12.01

< .001

0.31

5.19

< .001

SE

p Value
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‘Gf (with partials)×
N.R. Cond.’ Model
(Spanish Reading
Test Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (with partials)
Gf (with partials)×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Gf (with partials)×
Time’ Model
(Spanish Reading
Test Score)

Coefficient

SE

df

t Value

p Value

0.41
0.24
0.03

0.55
0.29
0.10

83.75
292.70
293.01

0.75
0.83
0.32

.453
.409
.748

0.41

0.20

64.71

2.03

.047

0.27
0.07
0.00

0.06
0.04
0.02

293.93
75.28
292.47

4.55
1.83
-0.15

< .001
.072
.883

Variance
Component
0.80
1.61

0.07

Wald Z
Value
12.08

< .001

0.31

5.18

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Gf (with partials)
Gf (with partials)×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

1.69
0.41

0.62
0.20

135.43
64.66

2.72
2.02

.007
.047

-0.31
-0.02
0.05

0.18
0.05
0.01

297.15
142.56
296.18

-1.73
-0.51
3.44

.084
.611
.001

Variance
Component
0.77
1.62

0.06

Wald Z
Value
12.12

< .001

0.31

5.19

< .001

SE

p Value
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‘Gf (with partials)×
N.R. Cond.×Time’
Model (Spanish
Listening Test
Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (with partials)
N.R. Cond.×Time
Gf (with partials)×
N.R. Cond.
Gf (with partials)×
Time
Gf (with partials)×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.41
0.28
0.07

0.59
0.60
0.07

167.81
290.70
289.87

0.69
0.46
0.93

.490
.643
.354

0.40

0.18

64.92

2.23

.030

-0.16
0.01
-0.16
-0.02

0.19
0.04
0.27
0.05

291.51
176.37
290.64
290.30

-0.86
0.14
-0.60
-0.43

.393
.890
.551
.668

0.03

0.01

290.77

2.35

.019

0.02

0.02

290.21

0.79

.431

Variance
Component
0.45
1.32

0.04

Wald Z
Value
12.02

< .001

0.25

5.33

< .001

SE

p Value
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‘Gf (with partials)×
N.R. Cond.’ Model
(Spanish Listening
Test Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (with partials)
Gf (with partials)×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Gf (with partials)×
Time’ Model
(Spanish Listening
Test Score)

Coefficient

SE

df

t Value

p Value

-0.43
-0.13
0.07

0.48
0.23
0.07

79.06
292.70
292.93

-0.90
-0.56
0.94

.370
.577
.347

0.40

0.18

64.96

2.21

.031

0.28
0.07
0.02

0.05
0.03
0.02

293.64
72.84
292.53

6.08
2.07
1.11

< .001
.042
.269

Variance
Component
0.47
1.32

0.04

Wald Z
Value
12.08

< .001

0.25

5.32

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Gf (with partials)
Gf (with partials)×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.57
0.40

0.53
0.18

116.24
64.94

1.08
2.22

.283
.030

-0.24
0.00
0.04

0.14
0.04
0.01

296.59
121.40
295.85

-1.76
-0.08
4.00

.080
.936
< .001

Variance
Component
0.45
1.33

0.04

Wald Z
Value
12.12

< .001

0.25

5.34

< .001

SE

p Value
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‘Gf (with partials)×
N.R. Cond.×Time’
Model (Spanish
Composite Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (with partials)
N.R. Cond.×Time
Gf (with partials)×
N.R. Cond.
Gf (with partials)×
Time
Gf (with partials)×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

2.28
-0.12
0.10

1.17
1.11
0.14

148.90
290.34
289.65

1.94
-0.10
0.73

.054
.917
.469

0.81

0.37

64.87

2.19

.032

-0.65
-0.03
0.19
0.01

0.35
0.09
0.51
0.08

291.04
156.07
290.29
290.01

-1.86
-0.36
0.37
0.12

.063
.720
.712
.906

0.09

0.03

290.42

3.38

.001

0.00

0.04

289.94

-0.07

.945

Variance
Component
1.58
5.65

0.13

Wald Z
Value
12.02

< .001

1.05

5.40

< .001

SE

p Value
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‘Gf (with partials)×
N.R. Cond.’ Model
(Spanish
Composite Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Gf (with partials)
Gf (with partials)×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Gf (with partials)×
Time’ Model
(Spanish
Composite Score)

Coefficient

SE

df

t Value

p Value

-0.02
0.11
0.10

0.98
0.42
0.14

76.63
292.52
292.72

-0.02
0.26
0.72

.985
.792
.470

0.81

0.37

64.90

2.18

.033

0.54
0.14
0.02

0.09
0.07
0.03

293.33
71.48
292.38

6.33
2.02
0.49

< .001
.047
.628

Variance
Component
1.68
5.66

0.14

Wald Z
Value
12.08

< .001

1.05

5.38

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Gf (with partials)
Gf (with partials)×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

2.26
0.81

1.07
0.37

106.75
64.87

2.11
2.18

.037
.033

-0.54
-0.03
0.09

0.25
0.08
0.02

296.10
110.94
295.48

-2.15
-0.32
4.52

.033
.748
< .001

Variance
Component
1.59
5.68

0.13

Wald Z
Value
12.12

< .001

1.05

5.40

< .001

SE

p Value

166
‘Shifting EF×
N.R. Cond.×Time’
Model (Spanish
Reading Test
Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Shifting EF
N.R. Cond.×Time
Shifting EF×
N.R. Cond.
Shifting EF×
Time
Shifting EF×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

3.31
-1.23
0.04

1.19
1.30
0.10

186.36
276.21
271.48

2.78
-0.95
0.39

.006
.345
.698

0.27

0.22

59.71

1.25

.217

-0.56
-0.22
0.58
0.15

0.41
0.15
0.60
0.17

278.13
188.84
274.09
275.59

-1.37
-1.45
0.97
0.92

.172
.149
.332
.358

0.10

0.05

277.46

1.88

.062

-0.06

0.08

273.65

-0.75

.455

Variance
Component
0.81
1.82

0.07

Wald Z
Value
11.61

< .001

0.36

5.00

< .001

SE

p Value
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‘Shifting EF×
N.R. Cond.’ Model
(Spanish Reading
Test Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Shifting EF
Shifting EF×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Shifting EF×
Time’ Model
(Spanish Reading
Test Score)

Coefficient

SE

df

t Value

p Value

1.74
-0.08
0.04

0.91
0.49
0.10

71.47
275.42
274.16

1.91
-0.17
0.38

.060
.867
.705

0.27

0.22

59.45

1.21

.231

0.27
-0.03
0.04

0.06
0.12
0.06

275.02
68.56
275.12

4.35
-0.29
0.64

< .001
.774
.520

Variance
Component
0.82
1.86

0.07

Wald Z
Value
11.67

< .001

0.37

5.00

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Shifting EF
Shifting EF×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

2.76
0.27

1.05
0.22

122.92
59.72

2.63
1.23

.010
.223

-0.28
-0.15
0.07

0.30
0.13
0.04

279.91
123.12
279.67

-0.93
-1.12
1.86

.353
.265
.064

Variance
Component
0.82
1.84

0.07

Wald Z
Value
11.72

< .001

0.37

5.00

< .001

SE

p Value
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‘Shifting EF×
N.R. Cond.×Time’
Model (Spanish
Listening Test
Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Shifting EF
N.R. Cond.×Time
Shifting EF×
N.R. Cond.
Shifting EF×
Time
Shifting EF×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.70
0.42
0.05

1.02
1.00
0.08

143.73
274.23
270.41

0.68
0.42
0.65

.496
.673
.515

0.28

0.21

59.20

1.35

.181

-0.02
-0.01
-0.20
-0.04

0.32
0.13
0.46
0.13

275.80
145.61
272.56
273.74

-0.06
-0.08
-0.44
-0.34

.950
.940
.662
.734

0.04

0.04

275.24

0.94

.346

0.03

0.06

272.22

0.50

.616

Variance
Component
0.48
1.63

0.04

Wald Z
Value
11.60

< .001

0.32

5.13

< .001

SE

p Value
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‘Shifting EF×
N.R. Cond.’ Model
(Spanish Listening
Test Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Shifting EF
Shifting EF×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Shifting EF×
Time’ Model
(Spanish Listening
Test Score)

Coefficient

SE

df

t Value

p Value

0.12
0.00
0.05

0.83
0.37
0.08

67.42
274.52
273.45

0.14
-0.01
0.67

.886
.993
.506

0.27

0.21

59.27

1.33

.190

0.29
0.06
0.02

0.05
0.11
0.05

274.05
65.48
274.28

6.14
0.59
0.38

< .001
.556
.701

Variance
Component
0.47
1.65

0.04

Wald Z
Value
11.67

< .001

0.32

5.14

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Shifting EF
Shifting EF×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

0.89
0.28

0.92
0.21

100.65
59.47

0.97
1.35

.336
.182

-0.11
-0.03
0.05

0.23
0.12
0.03

278.43
100.76
278.22

-0.47
-0.23
1.77

.637
.822
.078

Variance
Component
0.47
1.63

0.04

Wald Z
Value
11.71

< .001

0.32

5.14

< .001

SE

p Value
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‘Shifting EF×
N.R. Cond.×Time’
Model (Spanish
Composite Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Shifting EF
N.R. Cond.×Time
Shifting EF×
N.R. Cond.
Shifting EF×
Time
Shifting EF×
N.R. Cond.×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

3.95
-0.65
0.09

2.01
1.87
0.14

130.81
274.27
270.88

1.96
-0.35
0.65

.052
.730
.515

0.54

0.42

59.83

1.30

.197

-0.51
-0.22
0.32
0.09

0.59
0.26
0.86
0.24

275.67
132.42
272.80
273.84

-0.87
-0.86
0.37
0.37

.386
.392
.710
.713

0.13

0.08

275.17

1.69

.093

-0.02

0.11

272.50

-0.18

.858

Variance
Component
1.66
6.83

0.14

Wald Z
Value
11.61

< .001

1.31

5.21

< .001

SE

p Value
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‘Shifting EF×
N.R. Cond.’ Model
(Spanish
Composite Score)

Parameter Estimates

Fixed Effect
Intercept
N.R. Cond.
Test’s Condition
First
Prior Language
Knowledge
Time
Shifting EF
Shifting EF×
N.R. Cond.
Random Effect
Level 1
Residual
Level 2
Subject

‘Shifting EF×
Time’ Model
(Spanish
Composite Score)

Coefficient

SE

df

t Value

p Value

1.95
-0.04
0.09

1.70
0.69
0.14

66.71
274.76
273.78

1.15
-0.05
0.65

.255
.957
.515

0.54

0.42

59.76

1.27

.209

0.55
0.02
0.05

0.09
0.22
0.09

274.30
65.06
274.55

6.30
0.10
0.58

< .001
.925
.560

Variance
Component
1.67
6.96

0.14

Wald Z
Value
11.68

< .001

1.34

5.21

< .001

SE

p Value

Parameter Estimates

Fixed Effect
Intercept
Prior Language
Knowledge
Time
Shifting EF
Shifting EF×
Time
Random Effect
Level 1
Residual
Level 2
Subject

Coefficient

SE

df

t Value

p Value

3.66
0.54

1.84
0.42

94.72
59.95

1.99
1.30

.050
.200

-0.35
-0.18
0.12

0.43
0.24
0.06

278.47
94.81
278.27

-0.80
-0.75
2.13

.422
.455
.034

Variance
Component
1.68
6.86

0.14

Wald Z
Value
11.72

< .001

1.32

5.21

< .001

SE

p Value
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